1 Title of the Invention A Photochrom c Curable Conposition <Techni cal
Fi-el d> 5[ 0001] The present invention relates to novel chronene
conpounds and to the use of the chronene conpounds. <Background Art> [0002]
10Phot ochromismis a reversible action of a conpound whi ch qui ckly changes
the color when it is irradiated with |light containing ultraviolet rays, such
as the sunlight or the light of a nmercury lanp, and resunes its initial

color when it is no longer 15irradiated with light and is placed in a dark
pl ace. The conmpound having the above properties is called photochromc
conpound and is used as a material of photochrom c plastic |enses. [0003]
20The phot ochrom ¢ conpound used for the above application nust satisfy such-
properties that: (1) The conpound has a | ow col oring degree (hereinafter
referred to as initial color) in a region of visible |ight of before being
irradi ated w thR25uld ra@viceleetr nrays;i on(2) The conpound exhi bits a high

col oring degree (herelnafter cal l ed col or denS|t¥ when it is irradi ated
with ultraviolet rays; (3 PResccoxpaind CorablesCPRROBbE P density to
30increase to a saturation at a high rate, i.e., has a high col or-devel opi ng
sensitivity aft&wgdhdﬁ%anr@q@n@bed with ultraviolet rays; (4) The
conmpound returns to gﬁ H |t|aI state at a high rate (hereinafter referred
to as fad|n§ rate) Sé P is no longer irradiated with ultraviolet 2
rays; (5) The conpodhé ﬁé§5§nﬁ|gﬁvﬁ@é&pﬂlﬁglﬁ§§ﬁsﬁan@@Vﬁﬁ C&YONSINl e action
by hi ght; and (Bhpb@deorpaund glhgp@rséfﬁfwﬁﬁb lﬁlfhr@énlé@%tl dealeiuindls . 5 that is
used or, concretg 0 n i ssol ves highly densely in a nonomer
conp03|t|on t hat" a%kgr%% %hg@%gst material after cured. [0004] Further, it
has been desired thatlOPRél10phot ochronic plastic | enses devel op a neut r al

ti Int sugﬂ aisof br OmmﬁPh@ﬁbehr@ﬁlﬁ@mCﬁlsoé E@ﬂ@rbmbuéea&tgbﬂ l@}‘f deve: opi ng

col or- erefore at _color .the tochraom ¢ npound Wi evelop is a
very inportant fégPorndaWE§c§aﬁﬁl% g coar’ %%ﬁoﬁ@gfr when ﬁﬁen ®a desired
col or tone canndﬂrb@lﬁéaﬁlﬂé&thlQﬁé G@@t@ﬂnanglNéﬁéaﬁh@ﬂ@@hﬂ@ﬂﬁo conpound,
the col or tone ls@c@djatsstta@ By nmiighAg orogakher ga tplur al knfe)tdmfryph@frr@th om ¢
conpounds thal deyel-an, flf arent cehan 20igneanknithis 688G prler

i mportant that the in mi xed e
excel | ent &ﬁopeﬂFFé§léﬁ6 Hé§Pdé§ghFhéPdtH§ RﬁéFédcéﬁpéuﬁé§k(ﬁl%F@re)
mai nt ai n bal anc&hien coheopndpértviies. tAs[ @BB6E properkrem tike cstldrdpoi nt  of

adj usting, the cobarobaBeniid bicbTar baRt ;L0.USE 8<PaokAchiamC gompound

whi ch by itsel f "devel ops a w_col or a neutral tint. As the above
conpound, prlorP&PFthdpgéFOQééSélﬁoéﬁPéﬁéne conpound [ conpound (A)]
represented by the [0003)

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

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

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

35 after it is no longer irradiated with ultraviolet



following formula (A), and the prior art 2 discloses a chronene conpound
[compound (B)] represented by the followi ng formula (B). According to these
prior arts, photochrom c plastic |lenses having favorabl e 35photochronic
properties are obtained by using a 3 curable conposition which is obtained
by di ssolving the above photochrom ¢ conmpounds in a radically polynerizable
nmononmer, and by nol ding (cast polynerizing) the curable conposition by being
cured 5by the thernoradical polynerization. [0007] OCH3 [0008] H3CO N
H3 )2 (3) OCH3 30[0009] The nethod of praducing the photochrom c plastic

| enses by the cast polynerization enployed by the prior arts 1 and 2 (al so
called "in-mass” method or kneading nmethod) is a representative nethod of
35producing p p$§gchronlc pl astic |l enses inposing, 4 however, a limtation
on the kinds of”the pol ynerizabl e nonomers that can be used for obt ai ni ng

f avor abl e photothr BAfcCprEpEnd &S [Dd1bJh sTACHEEARY yéarisStaRE@ninon has
been given toréaveoatibneg @&th@dlagzalﬂ@mhpdaﬁﬂ produci ng photochrom c plastic

enses M Lnoute} herAOXEII LA AL L SEe, PLLOT B! ) ACGRLALDG-10 1 he
coating netho a coating nt “conprising nerlza €' and turabl e

1OConp05|i|onth®htaﬁnpﬁgdaQMNﬁQﬁﬂﬁEﬁﬁ%lzonpb@nQOW§QHﬂﬂ|¢RB@©iMe§he surface

of the lens nfai@ﬁwl de@@@ltthrﬁraolm&%r@@atwﬂ bsieuled tirth ff b8t 8mes

phot ochrom ¢ coatb % er.ehy art @hotocﬁronic property to the | ens
material . Therefo |Wa S ST oAt FRY- 15adhesi on is obtained, there
is, in principle, B®O0DAMi tation on the |ens material . [0011] [Prior art 1]

USE 5, 783, 116 Further, [PEI%@§M§eéH &@${£gg ggakngg&patlonal Lai d- Qpen
20W000/ 15628 EPrlor art 3] L | et of International Laid-Qpen

W03/ 011867 FHLePeREPRLGH ptlﬁétllrﬁ/elrﬁr?%%% develop a neutral tin

such as brown or amber as a color tone in the state of
developing color. Therefore, what color the
photochromic compound will develop is a very important
factor, as a matter of course.

15 [0005]

When a desired color tone cannot be realized by
the use 0of a single photochromic compound, the color
tone is adjusted by mixing together a plurality of
photochromic compounds that develop different color

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

25 [0006]

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

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

photochromic plastic lenses having favorable
35 photochromic properties are obtained by using a



[ 0012] 25According to the coating nethod, too, the devel oped color tone is
adjusted in the sane manner as the in-mass nethod, and it is inportant to
use a phot ochrom ¢ conpound whi ch devel ops a yellow color or a neutral tint
by itself. Wen the above conpounds 30(A) and (B) are used for the coating
met hod, however, it was clarified that a favorable photochrom c coating

| ayer cannot be obtained. [0013] It is, therefore, an object of the present
35invention to provide a photochrom ¢ conpound that can 5 be used for the
coating nethod w thout any problem and devel ops a yell ow color or a neutral

tint by itself. [0014] According to the present invention, there is
5provi ded a chronene conpound represented by the follomjng formula (1),
wherein RI, R%arggl@n@o ? Jiﬁ?%ﬂ?féﬁvfgyob%gH%%Qp lvagroxyl
groups, al kyl groups, | oal kyl groups, al koxy rou ara oups,
ar al koxy groupis€of QVﬁlp GO RS AT ET %QEBﬁHPPPOﬁntﬁaF%ﬂlq%% Y tmo of R to

R4 are not hydsbgrarataise arthdiiemndak@ by R3lanchgRA eyt be 25bonded
together to f;%[’gﬁ L1 39n df 5t|l'1§6’mﬁ7ak§ﬂg 55 EBSatl%%p% 'B’eei PME’%&XY'
groups, al kyl ups, a rou al' group ara y groups,

ar al koxy yroupsg, th?thQﬁ&ﬂﬁﬁd%ﬁﬁ#upﬁfbﬁﬁélZ§GB§P|tuted ani no groups,
30cyano groups, nifpoognoups, hal ogen atons, hal ogenoal kyl groups or

hal ogenoal koxy groups, mand n are, respectively, integers of 0 to 4, and
x and y are, respective integers of 0 to 5. 35[0015] 6 ~According
to the present inventi

conposi tion contai ni ng . A6er “and the above chronene
conpoung: 5I't is desiredt ) \e~ rom c curable conposition further
contai ns & phot opol yneri i nifti < [0016] According to the present
invention, there is 10f4drkbher 'VIdEd a photochronlc optical article

hi gh nol ecul ar , fornmed body in which the

oy di ng to the B%bsent invention, there is
e conprising an optical material and a
hi gh nol ecular filmfornmed on a east one surface of the optical material,
t he hlgqf?DIecular fil mhaving the above chronene conpound di spersed
therein"1n this optical article, gidy,i s 20desired that the high nol ecul ar
filmis obtained by

[0008]

havi ng, as a constitud

20
N(CH3}

®
25

30 (0009]

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

35 producing photochromic plastic lenses imposing,



curing the photochrom c curable conposition containing a photopol ynerization
initiator by the photoradi cal polynerization. [0017] 25Li ke the above
conmpounds (A) and (B), the chromene conpound of the present invention
represented by the above fornmula (1) has a basic structure in which a
6-menbered ring is condensed in a formof shearing a carbon atom at the
fifth position and a 30carbon atomat the sixth position of the 2H
benzo[ h] chronene skel eton. Unli ke the above conventional conmpounds (A) and
(B), however, the chronene conpound of tHe present invention has a
particul ar substituent bonded to the 6-nenbered ring, 35and exhibits
excellent effects that will be described 7 later owng to the presence of

the above Subf%wévéet aT@%ma%\teldfpm oned Q!‘Lh@% %rftsthle and 2 teach general
fornul as incl usj ve of Egﬁc ronene conpound of pres i nventi on, but

fail to di sclRSeYBRYLEBALFeME S0 Ut hat PSrPé?ﬁb d’?cp?%%lEHPSnene
conmpound of th£v®rabéatthW@mhnmmEQ)mep@rthesabove particul ar substituent
i s bonded. Therefog Te chromene conpound of the present invention is a
novel conpound 18] 10When a photochrom c coating |ayer containing a
phot ochr o ¢ conpoh%dr?geﬁérﬂﬁéﬁﬁ1tQRi%ﬁﬁ¥%%eh6F QﬁGBpH%ﬁﬁnr&ﬁe?lal (e.qg.
| ens) by the coating metheod, atsher endtshad | o M produthegamistocirdhéc

phot ochr omi ¢ ﬁf@t‘?&‘@dl%ﬁ% 'wsi%;?u'o‘ﬁets étkgeté‘kgox‘}8a%'ﬂ%9t%%’l§r} h&e%ﬁ??&%‘ na

sufficient color densi ore ot ochrom ¢ coa frust be
formed in a tdittkhess BﬁCOﬁG‘rlﬂ@xatrﬂ)Ifé?e 3@0@6159 pe-hPre coatdnglagent is a

liquid. In or&tfénﬁocgmp@ﬂsmgl ?éﬁ/%fol%fméf]ﬁz&l@@él pedageMarAppl i ed onto the
surface a curved, ns, material _nmaintaining the

f
Thi chnosd) witTRSTHF gt Bortd i het 1 e ACaEonE e PO d 11} o
advant ageous dmpltedli getbhéhphetortadicabf pohgmbenzatiade nvitd Ich dredt thes a

high ouring rgley 29(0049kng 1o Thegh Gl pELh dohetdche st Lime through

the study by t resent | nventors, however, when It is attenp

ted t
pol yneri ze aﬁ?%ﬁﬁ%gtﬁé BREEGPAIIERARE RIS HRFNZaBrE @&ﬂﬂ%ﬁQYo%ocBH?alnlng
the above 30csmpounat¢Ajadr tMTéealderconpduadfBprhplihedatradyati on with

light, the comound, gas| xPrt%%tesd widl L e; phot pr gl al; saal yreg i zat f on

|n|t|ator to 1 npai meri zdtion and clring pol yneri zabl e
mononer and, %@%1@@§loﬁnéér§6@s e @5&@%@h®b5|tlon by itself to greatly
decr ease the 8 phpd@chrom c property. This phenonenon presumably stens from

a difference in th klnd of .t I rj zatj initiator though it does not
occur at the time of the ?ﬁgrﬁgrggf%gﬁ—%%fykggization. 5[ 0020] On the
ot her hand, the chibnepe sotpdlndesft tdie @i ebehe rnavenniadn Uedsi-Obeasi ¢

structurg i ny@esgpsepgh the above-nentioned conpounds (A) and (B), i.e.

has a structure in whjch a 6- nber rin condensed in_a 10f or m of
shearing a carbon %ﬁ%ﬁ?ﬁtafﬁegﬁlﬁ€ﬁ (%%nf%%%r%aEéPBéﬁ &FHﬁ?é?p?%e si xth
position of tWE)2HbENZ6]h] chronene skeleton with a particular substituent

bei ng bonded 40, %ﬁﬁb@u?@”@?r% o G enkhesef ore, the chronene conpound of the
i nvention 15exhibits strikingly inproved stability while exhibiting

excel | ent photochrUH?% bropertles very sparingly reacts with the optical
and radiéal pol ym#xdzatdongi obt takokccememgvhesnthddj Stboradihat ed with |ight

in the prese%%%é{oégg ggﬁggako%%di29%d§ﬂsted in the same manner as
the in-mass method, and it is important to use a
photochromic compound which develops a yellow color or
a neutral tint by itself. When the above compounds
30 (A) and (B) are used for the coating method, however,
it was clarified that a favorable photochromic coating
layer cannot be obtained.
[0013]
It is, therefore, an object of the present
35 invention to provide a photochromic compound that can



20pol yneri zation initiator, and nmakes it possible to forma coating having
favqrabl e photochrom c properties. Further, even when cured by the

t her nor adi cal pol yneri zation by being added to, for exanple, a polynerizable
mononer, the chronene 25conpound of the present invention exhibits superior
recurring resistance in the photochrom c properties to that of when the
above conpounds (A) and (B) are used. [0021] The chronene conpound of the
present invention 30exhibits the above excellent effect because of the
reason that the above basic structure (skeleton) hel ps exhibit the sane
effects as those of the conpounds (A) and (B) concerning the devel oped col or
tone and photochrom c properties and, besides, that since a 35particular

substituent ijg.bgodgdehe the & &fe PhbHNG 1 @h e DASICrSHIBRL UnG there
is only one or zero neth%%gqg)group CH -)nthat i.s subject to bigattacked
t a

- CH2
by a radi cal pFECEAPSoA et ed®Fi AgneAS Al it PY hetSRability is
mar kedly i nproved. [That]is, the conpounds (A and (B) have two net hyl ene
groups on the 6-megbeped;hing Anthe INELELor o1, haye skow shahidity, react with
t he photopol ynerizatiron ini‘tiator, dand inpair the photochrom c properties.
<Best Mde f RTTAEE§ANg S ofeq iAMmPens 1opogsepted by Theechr onene
conpound of thel ppesagt fiorwentd o )i,s represented by the follow ng formula
(D), [ 0023] 25In the above formula (1), RI, R2,3 R and R4 are,
respectively, (i) hydrogen atons, (ii) hydroxyl groups, (iii) alkyl groups,
(iv) cycloal kyl groups, (V) ?bkoRy groups, (vi) aral kyl groups, (vii)
ar al koxy groups or (viii) aryl*grou under a condition that at 30l east two
of Rl tﬁﬁﬁ4 are not hydrogeh Fbge, Rl to R4 may be the sane or
differe fronleacﬂgﬁther. R"and R2 nay be bonded together to form
(ix) aring, or R1 o RAomy o form(x) aring. 35If
three or nore of RL to R4 are hyy F&@bility decr eases
and the effect of the invention d_-Fromthe stapgpoint of
effect, it is desired that R2 & ot hydrogen atons si'nultaneously,
and R3 and R4 are not hydroge gns syl t aneously (i.e., no nethyl ene
group (ﬁgﬁZ) is present on th 2% g to which Rl to R4 are bonded)
and it i's further desired that /a (R%& to R4 are not hydrogen
atons. [0024] 10There is n pr ticular ation on R2 to R4 which are
(iii1) the al kyl groups. Generélly, however, al kyl groups with 1 to 9 carbon
atons are preferred. Preferred exanples of the al kyl group include nethyl
group, ethyl group, n-propyl group,_ isopropyl group, 15n-butyl group,
sec-butyl group andheeeﬁnbﬁfylR@xo&%xmpﬂdﬁgpre, redpeceivelyo particul ar
limitatign on (iv)niheoGunl aallg, 9 RURSky Cegerably. aheyave o ps&f erred

exampl es are cycl opro roup, cyclobut ¥ roup,
P y gycfgal%yl %rodés, algbxg grgups, aralkyl

groups, aralkoxy groups or aryl groups under a
condition that at least two of R' to R? are not
hydrogen atoms, and R' and R? or R?® and R* may be
25 bonded together to form a ring,
R°>, R®, R’ and R® are, respectively, hydroxyl
groups, alkyl groups, cycloalkyl groups, alkoxy
groups, aralkyl groups, aralkoxy groups, aryl
groups, amino groups, substituted amino groups,
30 cyano groups, nitro groups, halogen atoms,
halogenocalkyl groups or halogenoalkoxy groups,
m and n are, respectively, integers of 0 to 4,
and
x and y are, respectively, integers of 0 to 5.
35 [0015]



20cycl opentyl group, cyclohexyl group, cycloheptyl group or cyclooctyl group
haviing 3 to 12 carbon atons. [0026] There is no particular limtation on (v)
t he al koxy groups. Generally, however, preferred exanpl es 25are net hoxy
group, ethoxy group, n-propoxy group, isSopropoxy group, n-butoxy group,
sec-butoxy group or tert-butoxy group having 1 to 5 carbon atons. [0027]
There is no particular limtation on (vi) the 30aral kyl groups. GCenerally,
however, preferred exanples are those having 7 to 11 carbon atons, such as
benzyl group, phenylethyl group, phenyl preopyl group or phenyl butyl group.
[0028] 35There is no particular limtation on (vii) the 11 aral koxy group.
Cenerally, however, preferred exanples are those having 6 to 10 carbon

atons, such as pheﬁ@égrsmaptw t%ofgmnerpwenwg%iﬂ thERI € s no
partlcular Ilnlt tion on éé%! t he arg %mou ps. erabh¥ however, there
can be exenplf9¥ e BnPEPYHEET NIV Bb b?oﬁﬁrﬁ eng B S4B 2Er bon at ons
or an aronat icorihes endaygchi @odrouy iheald ey Mohoméd?2 eadbameatadnsvée hat form a

ring. 10Cbncr5H¢eMe Lhepe canpe exenplified phenyl group, naphthyl group,
t hi enyl group, rouB pyrrolinyl group, pyridyl group, benzothienyl

group, benzof urany tgtéuéeseﬁe@eﬁiﬁﬁyrﬁﬁﬁ|R@@t@¢BH9ml¢h§NefééH3be further,

preferably useshposubsbht yi.ed harylcaHodpn of a 1§%t©Eotl%ethezé)lh@M\D or nore
hydr ogen at ons a&e ubstituted by al kyl groups, oxy groups, aralkyl
groups or arat g Pbups which are the same as those described above.

[ 0030] 20As the rlh@Olﬁk) formed by R2 and R2 bonded together or as the ring

(x) forned by R3 and-Réqbag d%@ kogethersedhel €y 61 BY, pﬁ:%feerreablé/ used an
allphatl {gbon rlnggﬁ%yln 4 to 10 carbon_ _ato that formthe ring.

Furt her } frayPbev WG TH B 28 aPBRatAd Ry dridts bon ring such
as benzene omaumﬁ@hahena cbhe tritnge maymdralver , as hAigubstaltamntgr an al ky

group or q%kg%gdggggg hﬁvh%q tgh535?%98€03t8 %{ iqularly preferred

exanpl es of the ring ar bel ow 1 n rmo cyc I ¢ groups (divalent
30cyclic groupsSRE¥Hed6- nenbered carbon atons" in which R and R2 are bonded

together or wth "A-depdengdtreathen pteyent i thwbhehoR? @wéﬂglﬁge bonded
I n.t he above

t oget her, .as spir carbon ato
fornulalél) é%ft gsmhlgﬁgef%i %rEhB£F|F8k %ﬁjﬁhedjto the ring

ar e, optlcal materlal and a high molecular fllm formed on
at least one surface of the optical material, the high
molecular film having the above chromene compound
dispersed therein. In this optical article, it is

20 desired that the high molecular film is obtained by
curing the photochromic curable composition containing
a photopolymerization initiator by the photoradical
polymerization.

[0017]

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

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

35 and exhibits excellent effects that will be described



15respectively, hydroxyl groups, alkyl groups, cycloal kyl groups, al koxy
groyps, aral kyl groups, aral koxy groups, aryl groups, amno groups,
substituted am no groups, cyano groups, nitro groups, hal ogen atons,

hal ogenoal kyl groups or hal ogenoal koxy 20groups. [0033] Here, the

al kyl groups, cycloal kyl groups, al koxy groups, aral kyl groups, aral koxy
groups and aryl groups are the sane as those of Rl to R4 described 25above,
and preferred groups are also the sane as those exenplified above. [0034]
Though there is no particular limtation7on the substituted am no group,
preferred exanpl es include 30those in which an al kyl group or an aryl group
is bonded to a nitrogen atom such as al kyl am no group, dial kylam no group,

arylamno group or &j ary! %B‘ raﬂeg %emcaetehexeﬂebessuw&%mﬁ hyl ami no
group, ethylam no group, anlno roup, |nethylan1no 35gr oup,

di et hyl ami no groudP ane~ @Fﬁﬁéﬁ?ﬁ%ﬂﬂﬂ}%ﬁcﬁﬁ s hzand 2 tgachy K reterred
substituted a@vmubisupnclheieecart hhexampbnénedchapenacyfi ccigs oups in

whi ch tv0 subistdddient enbandedyl o ragen &8 o, aisshonded dagetber to form

a heterocycl crin suc ori no grou g eri group
er

pyrrolldlnylCgﬂﬁﬂﬁun%ﬁpéhéalﬁ@rgﬁéﬁb”“$k%%t%@¢pF QGPﬁoC§W6ﬁb“thofndollnyI
group. [0035]the presenAslhk}enhalo@gQrb arrolrnhthEéeabanebeae:mrmlléred

10f luorine ato ghlorl gnh ronl ato glne atog; 0036] As
t he halogenoﬁqgﬁ tﬁ%ﬁ% fﬁe eness be eXenp ??ed RoSBTPHSA ch one or two
or nore hydr cgerpouid ap bnthef prrke ealtk yiinwgrouporar €ssabsviviedt ecbrigodhdor i ne

atoms, chlorine atgjg;®f brom ne atoms. Anpbng them the ones substituted
with fluyarine atons are preferred. Preferred exanpl es of the

hal ogend® kyl gr ol $hct UBROF PGBF SRR ChACridish, LAY ¢ T uBPBRELMIN Grbup 20and
tr|fIuoronetmﬁoqpmhmbmleoa6hpound uk;ﬂdmmédﬂ@@enbalkuxfamenqﬁ dhere can

be, xerpl 111 ehdflose ha ubigh gme oor tum, oF Wpr £nbydagen At ol the

al koxy group are su F I drl orln atons or brom ne
atons. Anpng R %%eaohe§l§u6§tﬁ@ﬁté@QMﬁ¢1?fu%??n@hﬁﬁ@ﬁﬁﬁﬁqﬂ%weferred
Particul arl y qumngf QU@ dt exanph es oofvetshe hal ogenoat koyyageoauwp i ned ude

fluoro hoxy grou difLuoro hox ro and tr Iuoroneth group.
30[0033?%In the & algve o%ﬁu n?%) &ﬁé%fﬂi andyy %%no?e °tfe %ﬁ%%ers of the
substltuentsHﬁbtq%hr$Wl@ndOR6ln@he@marrmwﬂm e af ermedspectd vel y, integers

of 0 to 4, prefienablys bpteggrsc@hinP1ld Z@ENh Xs@ndny ange 3YASPestively,
I ntegers Of Q t%t 1§"eff5885¥ Iqtegsk%r to cure the layer of the
coating agent applied onto the surface of a curved
20 shape such as of a lens material maintaining the
thickness without irregularity in the thickness,
therefore, it is advantageous to utilize the
photoradical polymerization which features a high
curing rate.
25 [0019]

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

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

35 decomposition by itself to greatly decrease the



13A of 0 to 2. When two R6 are bonding to adjacent carbon atons,
bonded two group R6 may form 1, 3-di oxolan ring or 1,4- 5dioxane ring and
these rings may have a al kyl group as a substituent. The 1, 3-di oxol an
ringis aring as presented by the following formula: | 0, NO | Exanpl es
16,19 and 20 are exanples of two R6 formng a 1,3-dioxolan ring and in the
Exanpl e 19, two nethyl groups as a substituent are bonding to the dioxol an
ring. 1,3- Further,the 1,4-dioxane ring is a ring as 20presented by the
followi ng formula: 25Exanples 22 and 24 %re exanples of two R6 formng

1, 4-di oxane ring. 14 [0039] Descri bed bel ow are concrete exanples
of the chronene conpound that can be particularly preferably 5used in the
present invemhotochro@d3proprty. This phenomenon presumably

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



15 [0040] The chronene conpounds of the present invention usually
exi st as solids or viscous |iquids which are colorless or faintly yell ow
under nornal tenperature 5and normal pressure, and can be confirnmed by the
followng nmeans (1) to (I11). [0041] (I) Upon neasuring the proton nucl ear
magneti c resonance spectra (11-1-NWVR), there appear peaks near 105.0 to 9.0
ppm based on the aromatic proton and the proton of al kene and peaks near 5
1.0 to 4.0 ppm based on the proton of alkyl group and the proton of alkyl ene
group. Further, the nunber of protons of the bonded groups can be | earned by
conparing their 15spectral intensities. [0042] (1l) The conpositions of the
correspondi ng products can be determ ned by the el enental analysis. [0043]
20(111)Upon nepsgrbngthbe bE3Gnuad wadt wbgpet he reesenamde; sprastsa 236 NWR),

t here appear peaks.based aon the carhon.atom of_an.ar ti ¢ _hydrocarbon group
near 5 110 tJPig%Y%SHf 8&5%? ﬁase& gnqiEg:c%?b%%béggﬁg%8f%§n%%tfgﬁgegnd an
al kyne near &B0atvadagagpmrenndpedkst P&Sbaswamba rele rdardoon A% ods of an
alhkyl group amsgntalc E%ﬁ%e@%a%riqli{%j‘eﬁé Itﬁa29e89y8gm@9mvfe[00.03fﬂhat Ciis,Tgeb
chronmene conpounds 0 e presen nyvention can be prefera roduced by,
for examsl o, TeActPRBOUNSSNAGH 1S dbr | VALY Gt PapFELEIET by THE F obPowi ng
formula (2) witd a-peopargyl ralmeploid detheatifveer, epresented by the foll ow ng
formula (3) i se f id. C ; : : erein RL to R6,
mand n are égtégg}ggg'iggﬁﬁg‘§§g¥gq?g?H§$§£%§i}yTéqﬁ5afégﬁﬁ2rein R7, R6 x
and y are as Heitheliorn £RE ABRA ¥ orihtl BDP LY ChFOD4S) PISRRE Hidpar gyl

al cohol deriveagéye megeesent eddyy ide @bovengenarahtfiomul a (3) can be

synthesh&pd by rear@bggéa ket one derivative of a corresponding structure

with a netal acetylen onpound such as lithium acetylide. 30[0046]
The chromene compound of the present invention is

represented by the following formula (1),

2
R'" R
15 R
5
(R)m
Rx
(1)
20
8
. (R%)y
(R%)n
[0023]

25 In the above formula (1), R}, R?, R’ and R? are,
respectively, (i) hydrogen atoms, (ii) hydroxyl
groups, (iii) alkyl groups, (iv) cycloalkyl groups,

(v) alkoxy groups, (vi) aralkyl groups, (vii) aralkoxy
groups or (viii) aryl groups under a condition that at

30 least two of R' to R® are not hydrogen atoms. Here, R!

to R’ may be the same or different from each other.
Further, R' and R? may be bonded together to form (ix)
a ring, or R’ and R’ may be bonded together to form (x)
a ring.

35 I1f three or more of R' to R' are hydrogen atoms,



When t he conpound represented by the above formula (2) is reacted with the
conpound represented by the above formula (3), it is desired to use the
conmpound of the formula (3) in an amount of 0.5 to 2 35nols and,
particularly, 0.8 to 1.5 nols per nmol of the 17 conpound of the formul a
(2). As the acid catalyst, there can be used sulfuric acid, benzenesul fonic
acid, p-toluenesulfonic acid or acid alum na. The anmount of use of the acid
catalyst may be in a range of 0.1 to 5101$arts by mass per a total anmount of
100 parts by nmass of the conpound of the fornula (2) and the conpound
(reaction substrate) of the fornmula (3). The reaction is preferably
conducted in the presence of a solvent. As the solvent, there is used a
nonpr ot oni ¢ 1o gahabiddltyentecrsucte asaid nelhdye pyecol odordie

di met hyl f or mapd dey, ¢ { g1 2y diof wbac@lmzener@a tpkushendths qeaction is

usual |y conducted at 0 to 200C and re er %ﬁ UX|ng t he sol vent.
After the redttidnt: alliedrr 88 Sdrsdlidiha’s $sdﬂ &t fg%?dHQEh YebParRed crude
pr oduct througtl"bm:hesmhilcan@elusdql unamd e nimy Rhdfeuridierhyasoyequi red,

through the r t@ﬁ%h%@FBQQUSh§g47] %ﬁe ﬁgrﬂggﬁ gggp% qﬁ9f§§@§ pr esent

|nvent|on 20 sso ves wel neral " ‘organi ¢ s vent su of uene
chl or of or m ori% eR¥@hgaEoPor &he Wh@ﬁﬂ@h%r%%rbh@@et@owbe@ﬁdbetphéipﬁé§€nt

invention is wﬁe@ayegnun ikhe salbome 1ot vedd i rbhecaakuticon dher eof &8,
usual ly, in ne | ear st 25The sol ution exhibits a

| d
f avor abl e phdt c r&ﬁ? Qi%%ﬁgﬁiﬁgghﬁﬁf8ﬂﬁ9 829@§0p|ng a color when it is

irradiated with sub®®ghl or ultraviolet rays and quickly and reversibly

assuning g ts initigherol 9Ll g3 pstatieuhen 1i@htat soahih @ftf ¢ 53QA0048]
Further, the chronmene conpound of the present invention_exhihits simlar

phot ochr omi ¢ 'HHopRer#Fes (éven ithea ailgh. rbf QeRf ar SENEA ki Qe §RT /
nol ecul ar f orateidly bodypuptheikingh mal exutarbsol atdomat aire mae fleer Sdany one

rovided it e e 0 f e t ntion to be
Eonngeneousl@gégéég¥é§d %Ehggﬁ% qgggg%}f ltﬁg?ggcan gzﬁgigkﬂﬁg¥%ed a
t her nopl asti IF@sPn ahbliya eyee®, bémprcﬁp)al r&Eeent | ¥ sporpReri z@awep and

cur abl e 1GoNPasighOP1 cERbabN B & bt Cat diyp Pohy MeErEabhe yolgdanst i onal
nmononer. [ 0049] tically preferred exanpl es of the thernoplastic

resin include ponHeQ% acryl ate, polyethylacryl ate, polynethylnethacrylate,
pol yet hyl net hacr yl Biere 10s poby sayrtemell ol hiaer yd ohdnr phe,(ipol yienyl al cohol

polyacrylam<¥§c£6%yk§1hggbgé%ethﬂede¥5¥4yylﬁé@éve90lﬁ@eeeﬁbeélloxane and
pol ycar bonat e. [0050% the radically evynerlza yfuncti onal

15monomer  corftsiTReHe nafﬁeC¥5&9@399ﬁ%mﬂq $0I9ﬁ%EPQQEwe P Yur abl e
conposi riton, dymﬂepeanybegeme@plw&aﬂbhdxylc@t@mpngcgcﬂp@@mwyxe@rmmp(e)

Pol I I t d h
ci hyl onb gl y o aér%%igf@?? DGR R e 0150l o REPRBCAVI AL, tri et hyl ene

gl ycol di net hacryl & ietraethylene gl ycol dinmethacryl ate, ethylene glycol
bi sgl yci dyl nethacriyaseis bhepbemalmﬁlcamlhﬁma/& a@e, oA, 2vhi %A

retact v oyl oYELLPBDEEl ) PEERSDS, DY B f P CoPererred cxampics
25 are methoxy group, ethoxy group, N-propoxy group,
isopropoxy group, n-butoxy group, sec-butoxy group or
tert-butoxy group having 1 to 5 carbon atoms.
[0027]
There is no particular limitation on (vi) the
30 aralkyl groups. Generally, however, preferred
examples are those having 7 to 11 carbon atoms, such
as benzyl group, phenylethyl group, phenylpropyl group
or phenylbutyl group.
[0028]
35 There is no particular limitation on (vii) the



(b) Polyvalent allyl conpounds such as diallyl phthalate, diallyl
terephthal ate, diallyl isophthalate, diallyl tartarate, diallyl

epoxysucci nate, diallyl fumarate, diallyl 30chl oroendoate, diallyl
_hexapht hal ate, diallyl carbonate, allyl diglycol carbonate and
trimethyl ol propanetriallyl carbonate; (c) Polyval ent thioacrylic and

pol yval ent thionmethacrylic ester conpounds such as 1, 2-

35bi s( et hacryl oyl t hi 0) et hane, bi s(2- ? acryl oyl thi oethyl)ether, and 1, 4-
bi s(met hacryl oyl t hi onet hyl ) benzene; (d) %@ryllc ester conpounds and

met hacrylic ester conpounds such as glycidyl acrylate, glycidyl

net hacryl ate, p-nethyl glycidyl nethacrylate, bisphenol A-nonoglycidyl ether
met hacryl at e,ada gkgsiydglroxy -metdsacnd lat e, however, preferred

e
10hydroxyproﬁ§?d&§ gXHyGF8%§bFHbJF%gEF@¥%¥eg¥8H (e) EXV|nbeenzene

[ 0051] As ot hep2fdnoners that can be contained in the above radically
pol yneri zabl e and ? [ ] %5t e_ex I|f| he
follomnnéﬁconpoundgH%? ? gp%%r% 55?ﬁ§§%5§98§r 3 %%ﬁc aci sésuch as

acrylic acid,2met hagpyPse alﬁﬁﬁﬁﬁf dW@ﬁ%VﬁﬁbeFéeé§|§an @P Acrylic and

net hacrylic %i@ﬁpﬂ@ﬂ@@und& sieimaasi 20mpd fyta asod! greupmethyingres hasryl at e,
benzyl nethaqulate émsn%&hacrylat and g h¥dC0é¥eEpyl(ﬂ;thacrylate
(h) Furmaric ester c% oun STsuch "as 1?% nﬁ?a? Y&nd dﬁﬁh H%I fumar at e;
25(i) Thi oacrhdynand thlé&ep@mﬁqn|aiqmﬁe¢h@bnﬁgnmd§ gucly -as

met hyl t hlooacrd&@é@etéﬁpzy%@r@a@aﬂ aie& mpfﬁzyéahbg@%tyha@%@ e; and

(i) Vinyl conpounds ig as styrene, chl orost¥ren yl styrene,
vi nyl napht hal &Rt RY fre8 RPPSr y FEde i Iméd BtRind® BF B gtrwnepy[ro@%%ﬁwl
The chronene<;mnp@unﬁy@ﬁdyhegﬂ@@@Qn&mnn@mni®Nymegebops dbeyeld owrgoldr or a

neutral tint se | th ol ora h chrom c properties
35but al so vé$y %éghggtg ?PI g g’ﬁ&éc S arlﬁh? & S%QV?%? t he
phot or adi cal fp}blrkyfh%ﬁzar?éﬁrua Lty a{S@rd eﬂ/eﬁU%EhtP efisairlyrla(ﬁrawa Wth light
in the presengei ©f the phet @rratilw@alonoowmrmg@fb@ani Aitbmat eGrre Even when

di spersed in the cu ition that w be Scured by or adi ca

polynerlzatlonno%%%ﬁ E ge%ytﬁQ% (%ﬁ?%Pcod%ik%ﬁy grPHQSpré%eh@< Lvention

does not inparoupe eunr amglmetyrrm«wps Wossh bieet bhebtsaime & curledsdody

exhi biting fayosap|gcghgbeghrom c properties. Therefore, the chronene

conmpound of the 10ﬁg8§§£ invention is very useful as a conponent for the
nt

phot ochrom ¢ coati that is used at the tinme of producing a
phot ochdmi ¢ pl astAs tbasrbygtHexooéwnmydmbwowleﬁMﬂﬁﬁ bonidex! hi gh degree of

stabi |1y, TWiddiern. pxge! Lent jeeurid g,y es) shancey ! & 1ap8t 8F nggobad he

phot ochromi ¢ properties when the chronene conﬁoun resent | nvention
i s pol yneri zdP &l etr eBPBEPNG A Speref §TPRhE BErdbPe ééﬁﬁ%§?§4%n of the
type that is puheskdybbherther marvddical el yoreca zebhoat okerefar efotme

chronmene 20cqﬁpoundnﬁf tpgrgpg§en% %p%gn%jqpa bQ'th&en%%dg gﬁlaagaterlal

for produ0|ng photochiom ¢ p asflc ense
aromatic hydrocarbon ring such as benzene or

naphthalene. The ring may have, as a substituent, an
alkyl group or an alkoxy group having 1 to 5 carbon
atoms. Particularly preferred examples of the ring
are shown below in the form of cyclic groups (divalent
30 cyclic groups with “6-membered carbon atoms” in which
R' and R? are bonded together or with “6-membered
carbon atoms” in which R’ and R! are bonded together as
spiro carbon atoms).
(0031]
35



[ 0052b] When the chronmene conpound of the invention is 25used as a
photoradlcally pol yneri zabl e conposition that is used as a photochrom c
coating agent at the tine of producing the photochromic plastic |enses by
the coating nmethod or is used as a thernopol ynmeri zabl e conposition that is a
‘starting material at the tinme of 30producing the photochronmic plastic |enses
by the in- mass nethod, the polynerizable conpositions are prepared and used
in the sane manner as those of the prior_art but using the chronmene conpound
of the invention as a photochronic conpoufd component. 35[0053] 21

When, for exanple, a photoradically curable conmposition is to be obtained,

t he chronene conpound of the present invention nay be added in an anount of
0.01 to 20 parts by mass and, preferably, 0.1 to 10 bparts by mass, and the
phot or adi cal pol ymerization iyp at or be~added’3’q ap 3of 0.001 to

10 parts by mass a refera 0.01 fo 5 payts b 100 parts by
mass of the radic ol ynme e and cur abl ¢ cbﬁ%o~ M3 contains
t he above 10radica ol ynmerizabl e pol yfuncti/onal nonoger< In order to

adj ust the col or torie~that develops, the ahove conposi s.may be bl ended
wi t h phot'ochrom ¢ conpounds ot her than the chronmene conpound of the present
invention, as a matter of course. 15[0054] Described bel ow are preferred
exanpl es of the phot or adi cal pol ynmerization init o\ that can be used.

4

Benzoi n; 20Benzoi nmethy ethe ~=Benzoi nbutyl ;e d B gpenol ; Acet ophenone
4, 4" - di chl orobenzop ; 5 et hoxyacet ophes
252- Hydr oxy- 2- et h 0 prgp'ne 1- one; B
1-(4- Isq@ropylpheny = met hyl pr opere
1- FNdroxycycIohexyIphenyI” one; 302-1sopropylthivgXant hone;
Bi s(2, 6-di net hoxybenzoyI-2,4 4-trimethyl- pentylghosphi noxi de;
Bi s(2, 4, 6-trinethyjdenzpyl)- phenylphosphinoxide
2,4, 6-Trinet hyl be oyldlphen | - phosphi_noxi de; an . 8 .
352- Benzy1- 2- di metHyl &A% n b?}; Boo H pheRhyl) 52 BlifafondPi 00551
A preferred Gnm@osmelsubetlmhentshéqudenwabme cmnpoak@ion is used as a
phot ochrygm ¢ ]pﬁc_;%; gq%\ﬁ/&g r in a leaflet of
Internat?hnal |é8%§@g?2b ﬁgé? 96 en t%lk%ﬁ 8§6% conpound of the
i nvention is @2 LseY gFGBPSFhéﬂé¥B%@‘JEQ%P%on%6§F¥Véngﬁ§yﬁﬁb optim zed in
accordance vmatxralt}ttexylegﬁbuptsl oarqfl tgiquh@vearpﬂmen@ra;()@@qurrent [ 0056] The
t hus prepare ent in. us manner .
For exanpl e, q?ﬁg op ?%g gggg nbe such’ as dg § §ghagé?|a gﬁgﬂ%g30|tably
pretreat ed amﬁlQS%®|@t@@éteﬁawpgﬁmﬁa%ﬁﬁhr&FOUpS or halogenoalkoxy

20 groups.

[0033]
Here, the alkyl groups, cycloalkyl groups, alkoxy

groups, aralkyl groups, aralkoxy groups and aryl
groups are the same as those of R' to R* described
25 above, and preferred groups are also the same as those
exemplified above.
(0034]
Though there is no particular limitation on the
substituted amino group, preferred examples include
30 those in which an alkyl group or an aryl group is-
bonded to a nitrogen atom, such as alkylamino group,
dialkylamino group, arylamino group or diarylamino
group. Concrete examples include methylamino group,
ethylamino group, phenylamino group, dimethylamino
35 group, diethylamino group and diphenylamino group.



sol ution containing the chronmene conpound of the present invention and is
cured by the irradiation with light in a nitrogen atnosphere to forma high
nol ecul ar film (photochromc layer) in which the 20chronene conpound is

di spersed on at | east one surface of the optical material. As the
pretreatnment for the optical material, there has been known washing the
surfaces with an organic solvent or with an al kali ne aqueous sol uti on,
corona treatnent and prinmer 25treatnent, which nay be suitably sel ected
dependi ng upon the kind of the material.1®n the photochrom c coating that is
formed, a hard coating or a reflection-preventing coating is further forned,

as required. 30[0057] By using the chronmene conpound of the present
i nvention, a phot Oﬁig'rQ%Qrp%v‘%%tf'ecrrleﬁf'ss%‘tp@u@égdﬁﬁggob)ér‘%dﬂat h@ﬁ?%her
than the in-mass neth he coat.i d. For exanple,. the follow ng

met hods 35carfde BRpfaFBRlliied npt X%%%ﬁD%Fﬁgpﬁcleﬁhf%md Yfe chronene
conmpound of tﬁ@b@teseahtsn%@MdGM1uﬁeniﬂmm@ed aogmshema moendad t en state,

d'Spersed"1E%§§§ﬁ8F ggdfg ﬁlgp%(%%roc ?% @1 el fllgnln whi ch t he

photochrom ¢ naterial 5of the presen I on | honn%d{eously di sper sed
i s sandwiThed"¢¥PROF&RS. IXCEP, AMQRJIWQ sIppepar BY T ldikisv Vi ng t he

chromene comgrdigp Of pti Be rasesNtgddIMENtN -ORe t Ry 1 HOpe@XaiRIe g B $h | hg@ne oil,
t he obtai ned solu L on and a plastic lens 10are contacted with each ot her at

150 to 200C so'¢Rat"¥he9&RHBrene conpound of the present invention disperses
and perneates intol@6Geé5Splastic lens matrix, and the surfaces thereof are

coated with a cura@éetﬁgtggngeglgmgmtlggbp@tggg)belé&g g@hfled Furt her,

the chronene conpound of the present i'nvention can be used in a w de range
of applﬂéhtld%%g$ﬁl%%dPFP8m F@ e sh ot 'thr ot €M P EsPILOM EfseLdHoF exanpl e,
t he chronene xtosppound can be used as various 20menory materials to
substitute for a SL % salt photosensitive material, as a copying material,
as a photosensitive na %rlal for printing, as a nenory material for CRTs, as
a photosensitive ntethal npdpIraser kand weowP phbkesensini we material for

hol ogr aphy. Mﬁéhﬁfleﬂh@h@@@t Qe R &h et erbal tysi 69 &n@e:echfmcageﬁormound
of the @resent |nven% EF can % utilized as a?$g0£ g q ? éiens material, as
an optical fidt¥PS n&f eF'§1 2143 Ta IFi%H & Frat &PF af LUAS dakYadtiHonkter and as

an ornanentahﬂnun@rlahlozmmhea¢@m6nﬁnekvonpbmﬂdabbmshe prresenttigereent i on has

a feature of dgyelops ngugsx_e_ltwwoccnl% Oﬂ’l@oflfﬁérgkohgmar@y Itself. Wen
used for the hot gchrom ¢ | enses, r nenﬁﬁcgnﬁﬁund of  t he present

chro

i nvention mayP et ese8by PF?éﬁFnﬁdrﬁﬁﬁqﬁ;%%eﬂfSB 9K t h any

ot her pl ural igyowd 1Qélphetddhbmmmeunymxgmmmptodmbﬁaomumahﬁykeﬂrcubor

t one. A@C;heéﬂngtpg?fgﬁbgoﬁgqggqn t can be used in conbination with the
e i‘nve

chronene conpound o rese tion, there can be used known
phot ochrom ¢ 5conpbfidé) such as naphthopyran conmpound, chronene conpounds
other than the cthﬂemﬁecngm@g@do@ﬁmdxy;gﬁﬁuﬁu tyeat tan, bepi rooxazi ne

cOMBOUNC, " SPLLABNS & gorPeund.and LN QU i, compRynd., AT oL B
atoms of the alkoxy group are substituted by fluorine
25 atoms, chlorine atoms or bromine atoms. Among them,
the ones substituted with fluorine atoms are
preferred. Particularly preferred examples of the
halogenoalkoxy group include fluoromethoxy group,
difluoromethoxy group and trifluoromethoxy group.
30 [0038]
In the above formula (1), m, n, x and y denote
the numbers of the substituents R5, R6, R’ and R%
wherein m and n are, respectively, integers of 0 to 4,
preferably, integers of 0 to 2 and x and y are,
35 respectively, integers of 0 to 5, preferably, integers



<EXAMPLES> [ 0059] 10The invention will be described in further detail by way
of Exanples to which only, however, the invention is in no way limted.

[ 0060] (Exanple 1) 15A naphthol derivative and a propargyl al cohol
derivative expressed by the follow ng fornul as were used. Napht hol
derivative: 20 25 propar gyl al cohol derivative: 30 OCH3 26 [0061]

6.3 Gans (20 mmol s) of the naphthol derivative and 5.9 g (22 mmols) of the
propar gyl al cohol derivative were dissqlved in 300 ml of toluene to 5which
was further added 0.05 g of a p-tolueﬂéghlfonic acid, and the m xture was
stirred for 30 m nutes while being heated and refluxed. After the reaction,
the solvent was renoved and the reaction product was refined by

chromat ography on silica gel to obtain 3.5 10g of a white powdery product.

[ 0062] fﬁb(bﬁﬁau%t presuned to be C40H3603 was el enental |y anal yzed
and calculated to be as follows: Elenental analysis:C 85.23% H 6.38% O:

158. 39% Cal cul at od 5 85 8% M 6. A2%1 0y BSUALO063 carpordbasyement of

proton nucl ear magnetic resonance spectra”indi cated a_peak of 18H near 6 1.0
to 4.0 ppm 20 drEUPkFreHe §r olipYar@Td pgeak SFOABLLPRe&di e fT 68522 to
10. 0 ppm Basediiarksate ar bnat aadproleae anchgs pray ohaok an =dlkehegrQGP64k

Furt her, neas rqgﬁg% 0, -nucl ear magneti c 25resonance spectra indicated a
peak near 5 1%b 0 %b{%%ﬁggased on a carbon atom of an aromatic ring, a

peak
The 1,3-dioxolan ring is a ring as presented by

the following formula:

10
O/A\o
Examples 16, 19 and 20 are examples of two R°®
15 forming a 1,3-dioxolan ring and in the Example 19, two

methyl groups as a substituent are bonding to the 1,3-

dioxolan ring.

Further, the 1,4-dioxane ring is a ring as
20 presented by the following formula:

O/_\O
\_/

25 Examples 22 and 24 are examples of two R® forming
1,4-dioxane ring.



near 6 80 to 140 ppm based on a carbon atom of an al kene, and a peak at 6 20
to 60 ppm based on a carbon atom of an al kyl. 30[0065] Fromthe above
results, it was confirned that the isolated product was a conpound
represented by the follow ng structural formula. Structural forrmula of the
i sol ated product: 27 OCH3 10 [0066] (Exanples 2 to 24) Chr onene
conpounds shown in Tables 1 to 6 were synthesized in the sane manner as in
Exanpl e 1 by 15using conpounds shown iR, Tables 1 to 6 as napht hol
derivatives and propargyl alcohol derivatives. The obtai ned products were
confirmed for their structures relying on the sane structure analysis as
that of Exanple 1. 20In the structural formulas shown in Tables 1 to 6, M
represents the nethyl group. 25 30 28 [0067] (Table 1) Ex. No. Corn d
Staringmaterial Product Yield 00 No. Naphthol der i vat ive Propagy
| al cohol 2 (0039]

Described below are concrete examples of the

chromene compound that can be particularly preferably
5 used in the present invention.
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[0040]

The chromene compounds of the present invention
usually exist as solids or viscous liquids which are
colorless or faintly yellow under normal temperature
and normal pressure, and can be confirmed by the
following means (I) to (III).

[0041]

(I) Upon measuring the proton nuclear magnetic
resonance spectra ('H-NMR), there appear peaks near
5.0 to 9.0 ppm based on the aromatic proton and the
proton of alkene and peaks near & 1.0 to 4.0 ppm based
on the proton of alkyl group and the proton of
alkylene group. Further, the number of protons of the
bonded groups can be learned by comparing their
spectral intensities.

[0042]

(IT) The compositions of the corresponding products
can be determined by the elemental analysis.

(0043]

(IIT)Upon measuring the B3C-nuclear magnetic resonance
spectra (}’C-NMR), there appear peaks based on the
carbon atom of an aromatic hydrocarbon group near &
110 to 160 ppm, peaks based on the carbon atoms of an
alkene and an alkyne near & 80 to 140 ppm, and peaks
based on the carbon atoms of an alkyl group and an
alkylene group near & 20 to 80 ppm.

(0044]

The chromene compounds of the present invention
can be preferably procduced by, for example, reacting a
naphthol derivative represented by the following
formula (2) with a propargyl alcohol derivative
represented by the following formula (3) in the
presence of an acid catalyst.

Cve HO
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(R%),

wherein R! to Rs, m and n are as defined in the

above formula (1),

wherein R7, R® x and y are as defined in the

above formula (1).

[0045]

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

[0046]

When the compound represented by the above
formula (2) is reacted with the compound represented
by the above formula (3), it is desired to use the
compound of the formula (3) in an amount of 0.5 to 2
mols and, particularly, 0.8 to 1.5 mols per mol of the

lie 18
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compound of the formula (2). As the acid catalyst,
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there can be used sulfuric acid, benzenesulfonic acid,
p-toluenesulfonic acid or acid alumina. The amount of
use of the acid catalyst may be in a range of 0.1 to
10 parts by mass per a total amount of 100 parts by
mass of the compound of the formula (2) and the
compound (reaction substrate) of the formula (3). The
reaction is preferably conducted in the presence of a
solvent. As the solvent, there is used a nonprotonic
organic solvent, such as N-methylpyrrolidone,
dimethylformamide, tetrahydrofuran, benzene or
toluene. The reaction is usually conducted at 0 to
200°C and, preferably, by refluxing the solvent.

After the reaction, a desired product is isolated
from the obtained crude product through the silica gel
column refining and further, as required, through the
recrystallization.

[0047]

The chromene compound of the present invention
dissolves well in a general organic solvent such as
toluene, chloroform or tetrahydrofuran. When the
chromene compound of the present invention is
dissolved in the above solvent, the solution thereof
is, usually, in nearly a colorless and clear state.
The solution exhibits a favorable photochromic
phenomenon quickly developing a color when it 1is
irradiated with sunlight or ultraviolet rays and
quickly and reversibly assuming its initial colorless
state when light is shut off.

[0048]

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

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

[0049]

Optically preferred examples of the thermoplastic
resin include polymethylacrylate, polyethylacrylate,
polymethylmethacrylate, polyethylmethacrylate,
polystyrene, polyacrylonitrile, polyvinyl alcohol,
polyacrylamide, poly(2-hydroxyethyl methacrylate),
polydimethylsiloxane, and polycarbonate.

[0050]

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

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

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

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

Co)e SO

13 N, e 24 30 [0069J (Table 3) Ex. No. Corn-
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acryloylthioethyl)ether, and 1,4-
bis(methacryloylthiomethyl)benzene;

(d) Acrylic ester compounds and methacrylic ester
compounds such as glycidyl acrylate, glycidyl
methacrylate, B-methylglycidyl methacrylate, bisphenol
A-monoglycidyl ether methacrylate, 4-glycidyloxy
methacrylate, 3-(glycidyl-2-oxyethoxy)-2-hydroxypropyl
methacrylate, 3-(glycidyloxy-l-isopropyloxy)-2-
hydroxypropyl acrylate, 3-glycidyloxy-2-
hydroxypropyloxy) ~-2-hydroxypropyl acrylate; and

(e) Divinylbenzene.

[0051]

As other monomers that can be contained in the
above radically polymerizable and curable composition,
there can be exemplified the following compounds (f)
to (7).

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

(g) Acrylic and methacrylic ester compounds such as
methyl acrylate, methyl methacrylate, benzyl
methacrylate, phenyl methacrylate, and 2-hydroxyethyl
methacrylate;

(h) Fumaric ester compounds such as diethyl fumarate
and diphenyl fumarate;

(i) Thioacrylic and thiomethacrylic ester compounds
such as methylthiocacrylate, benzylthiocacrylate and
benzylthiomethacrylate; and

(i) Vinyl compounds such as styrene, chlorostyrene,
methylstyrene, vinylnaphthalene, o-methylstyrene dimer
and bromostyrene.

[0052a]

The chromene compound of the present invention
develops a yellow color or a neutral tint by itself,
exhibits not only favorable photochromic properties
but also very high stability, and reacts sparingly

al cohol 10 10 * *et O OH MO . H Ow . el Gle 1101 *it* *

el
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MeO
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with the photoradical polymerization initiator even
when it is irradiated with light in the presence of
the photoradical polymerization initiator. Even when
dispersed in the curable composition that will be
5 cured by photoradical polymerization, therefore, the
chromene compound of the present invention does not
impair the curing and makes it possible to obtain a
cured body exhibiting favorable photochromic
properties. Therefore, the chromene compound of the
10 present invention 1is very useful as a component for
the photochromic coating agent that is used at the
time of producing a photochromic plastic lens by the
coating method. Owing to its high degree of
stability, further, excellent recurring resistance 1is
15 obtained in the photochromic properties when the
chromene compound of the present invention is
polymerized and cured being dispersed in the curable
composition of the type that is cured by the
thermoradical polymerization. Therefore, the chromene
20 compound of the present invention is highly useful as
a material for producing photochromic plastic lenses
by the in-mass method.
[0052b]
When the chromene compound of the invention is
25 used as a photoradically polymerizable composition
that is used as a photochromic coating agent at the
time of producing the photochromic plastic lenses by
the coating method or is used as a thermopolymerizable
composition that i1s a starting material at the time of
30 producing the photochromic plastic lenses by the in-
mass method, the polymerizable compositions are
prepared and used in the same manner as those of the
prior art but using the chromene compound of the
invention as a photochromic compound component.
35 [0053]
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When, for example, a photoradically curable
composition is to be obtained, the chromene compound
of the present invention may be added in an amount of
0.01 to 20 parts by mass and, preferably, 0.1 to 10
parts by mass, and the photoradical polymerization
initiator may be added in an amount of 0.001 to 10
parts by mass and, preferably, 0.01 to 5 parts by mass
per 100 parts by mass of the radically polymerizable
and curable composition that contains the above
radically polymerizable polyfunctional monomer. In
order to adjust the color tone that develops, the
above composition may be blended with photochromic
compounds other than the chromene compound of the
present invention, as a matter of course.

(0054]

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

Benzoin;

Benzoinmethyl ether,

Benzoinbutyl ether;

Benzopenol;

Acetophenone 4,4’ -dichlorobenzophenone;

Diethoxyacetophenone;

2-Hydroxy-2-methyl-l-phenylpropane-1l-one;

Benzylmethylketal;

l1-(4-Isopropylphenyl)-2-hydroxy-2-methylpropane-
l-one;

l-Hydroxycyclohexylphenylketone;

2-Isopropylthiocoxanthone;

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

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

2,4,6-Trimethylbenzoyldiphenyl-phosphinoxide; and

2-Benzyl-2-dimethylamino-1-(4-morpholinophenyl) -

1

6
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butanone-1.

[0055]

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

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

10 document.

[0056]

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

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

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

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

30 (00571

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

35 can be employed.
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(a) The thermoplastic resin and the chromene compound
of the present invention are kneaded together in a
molten state, dispersed in a resin, and are molded.

(b) A polymer film in which the photochromic material
of the present invention is homogeneously dispersed is
sandwiched in a lens.

(c) A solution is prepared by dissolving the chromene
compound of the present invention in, for example, a
silicone 0il, the obtained solution and a plastic lens
are contacted with each other at 150 to 200°C so that
the chromene compound of the present invention
disperses and permeates into the plastic lens matrix,
and the surfaces thereof are coated with a curable
material (imbibition method).

[0058]

Further, the chromene compound of the present
invention can be used in a wide range of applications
in addition to the photochromic plastic lenses. For
example, the chromene compound can be used as various
memory materials to substitute for a silver salt
photosensitive material, as a copying material, as a
photosensitive material for printing, as a memory

‘-material for CRTs, as a photosensitive material for

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

The chromene compound of the present invention
has a feature of developing a yellow color or a
neutral tint by itself. When used for the
photochromic lenses, the chromene compound of the
present invention may be used by itself or may be used
in combination with any other plurality of

pound N
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photochromic compounds to obtain a desired color tone.
As the photochromic compounds that can be used in
combination with the chromene compound of the present
invention, there can be used known photochromic

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

[0059]

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

[0060]

(Example 1)

A naphthol derivative and a propargyl alcohol
derivative expressed by the following formulas were
used.

Naphthol derivative:

(L,
Propargyl alcohol derivative:
OCH3
e
HO
9

OCH,4
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[ 0073] (Exanple 25) 25A radically polynerizabl e nonomer conposition was
prepared according to the follow ng reci pe. Radically polynerizable nonomer
.conposi tion: 2,2-Bis(4- nmethacryl oyl oxypent aet hoxyphenyl ) propane 3050 parts
by mass Pol yet hyl ene gl ycol diacrylate (average nol ecul ar wei ght, 532) 10
parts by mass Tri net hyl ol propane trinethacryl ate

10 parts by mass 35Pol yester oligonmer hexaacrylate (EB-1830 39 nanufactured
by Dycel OCR Co.) 10 parts by mass dycidyl nethacryl atel0 parts by nass

Chr omene conpound of Exanple 11 part by nass

[0061]

6.3 Grams (20 mmols) of the naphthol derivative
and 5.9 g (22 mmols) of the propargyl alcohol
derivative were dissolved in 300 ml of toluene to

5 which was further added 0.05 g of a p-toluenesulfonic
acid, and the mixture was stirred for 30 minutes while
being heated and refluxed. After the reaction, the
solvent was removed and the reaction product was
refined by chromatography on silica gel to obtain 3.5

10 g of a white powdery product.

[0062]

The product presumed to be C49H3¢03 was elementally
analyzed and calculated to be as follows:

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

15 8.39%

Calculated: C: 85.08%, H: 6.42%, O0: 8.50%

[0063]

Measurement of proton nuclear magnetic resonance
spectra indicated a peak of 18H near & 1.0 to 4.0 ppm

20 based on alkylene group and a peak of 18H near near &
5.2 to 10.0 ppm based on an aromatic proton and a
proton of an alkene.

[0064]

Further, measurement of 3C-nuclear magnetic

25 resonance spectra indicated a peak near & 110 to 160
ppm based on a carbon atom of an aromatic ring, a peak
near & 80 to 140 ppm based on a carbon atom of an
alkene, and a peak at & 20 to 60 ppm based on a carbon
atom of an alkyl.

30 [0065]

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

Structural formula of the isolated product:

35



5[ 0074] As the photopol ynerization initiator, further, Cd 1800

manuf actured by Chiba Specialty Chemicals Co. was provided. This

phot opol yneri zation initiator is a mxture of 1-hydroxycycl ohexyl phenyl
.ketone and a 10bi s(2, 6-di net hoxybenzoyl)-2, 4, 4-tri met hyl -

pent yl phosphi noxi de (weight ratio of 3:1). [0075] By using the
above radically polynerizabl e nononer conposition and the

phot opol yneri zati on 15initiator, a photopol ynerizable and curable
conposition was prepared by honbgeneousl|37m xi ng the conponents according to
the follow ng reci pe. Recipe of photopol ynerizabl e and curabl e conposition:
Radi cal | y pol yneri zabl e nononmer conposition 2091 parts by mass

Phot opol yneri zation initiator0.5 parts by nmass

Bis(1,2,2,6,6-pentaneth pi peri dyl)sebacate (stabilizer)5 parts by nass
y- Met hacr yl oyl ox7prg pt hoxysi |l ane (sil ane 25coupling agent)7 parts by
mass N-net hyl di g 1 me3 part s by QGtEs [ 0076] Next, about 2 g of

t he above phot opalyheri-za abl e conposition was spin-coated onto

t he 30surface of the | 9 manufactured by Sunlux Co.: allyl
resin pléstic | ens, 1.50) by using a spin coater, 1H DX2,
manuf actured by M kg |l ens material of which the surface was coated
was irradiated with hi t rogen gas 35at nosphere by using a neta
hal i de | anp of an out put ] 120 mMWcnR for 3 mnutes to cure the coating
to thereby obtain a photochrowyic plastic |lens. [0077] To eval uate the cured
state of the thin 5photochronbﬁ cured film (filmthickness of 40 pn) of the
obt ai neq .phot ochrom ¢ pl astic gﬁs, the surface of the filmwas rubbed with
a clothietted with acetone, and the lens material was irradiated with |ight
by using a projectldr0OG® observe and eval uate the 10projected surface. If the
curing is faW%ﬂéﬁﬁﬁkeéhf syrbace is not invaded by acetone, and the surface
exhi bits no ruggedness or scratch. The basis of evaluation was as foll ows:

A The surface i s F1&AMePRAsCHBPPUGHEdFESY o M B2 ehl BAdOt WETShin fil m
has been suf fayeiterdd yz«€dr ed. th3: sihe suringoe 45 10CcRkaypandif ibjel y rugged

and is rat ched. - The sw face i cal nd
scratchgg. 28%:&1%&???%1?%15@&)8%?8 &ra'ﬂﬁleesph%t%%h?o%lgghgggggﬁog | enses
produced accéedilitp tov ¢ headBopEoRBAOYened dfthodiswer eabvdkbgat ed for their
cured state topthe rfed [PPd8licts were confirmed for their structures

relying on the same structure analysis as that of

Example 1.
20 In the structural formulas shown in Tables 1 to
6, Me represents the methyl group.

25
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25Further, the obtained photochrom c plastic | enses were evaluated for their
phot ochrom c properties concerning the itens (1) to (5) described bel ow. The
results were as shown in Table 7. [0079] 30(1) Maxi nmum absorption wavel ength
.(Amax) : A maxi mum absor pti on wavel ength after havi ng devel oped col or
was found by using a spectrophotoneter (instantaneous nulti-channel
phot odet ect or MCPD3000) manufactured by O suka Denshi Kogyo Co. The maxi num
35absorption wavel ength is related to a color tone at 36 the tine of
devel oping a color. [0080] (2) Initial cdBoring degree [c(0)]: Absorbancy
was neasured at the maxi num absorption 5 wavelength in a state of not
irradiated with light, and was regarded to be the initial coloring degree.
In an optical nate[@@g7§uch as a spectacle lens, it can be said that the
| ower this va nore the photochrom c properties are excellent.

it alh

10[ 0081] (3) S|ty [c(120) - c(O)] A difference was found

bet ween t he absorbanqy Tb\ﬂx,zjr t—th llml rom—absorpton—wavelen LII fter

i rradiated mnﬁﬁ 1 {rght 120 gﬁﬂm% o +he ﬂPove hEidnitt i al cql Oighhp
degree [c¢(0)L2and w Jegh ?i';ﬂ”'dﬁ‘f 28 S density. It canlhe qa d that

t he highé} tmls Val ug, t he nDre t he photochronlc pr
[ 0082] 20(4) |Fadilng Hal 12 (min. ﬂf’ A i | until the
absor bancy off t he sanpl &.-a - N to
one-hal f the|cdl qr 2dgnsi t Yl [ r i ©r afi at ed
with |ight afiter (haviing bee [ i i [ ' onds, | as a

erties are excel | ent.

fading half-lfife.l| It |can beesaid b | arger the
fadi ng rate and—the—rRere—exceH-en 6683] 30(5)
Degr ee detleriqrati i stantce of
col or devel oped hy tH

deterioration gcgeler btai ned

pol ymer (sanpl e) (was er by| using
a xenon 37 \eather 1 ' 5 :
Thereafter, tthe gol or denS|Wy was |eval oat ed bef)re and afdser the test]ng.

The col gqr: destty(AQ) before theltesting and tie cof or density (ﬁﬁUUf after
the testing Hwerg med 2 e degre: of deterioration was|found

according to(the|foll be an_i ngex of

resi stance off the dev en-op-af “"AQ -21A2D0) /A0
'#her Fren -7 €51 st ance of | t he
ochkrgm | asti ¢ | ensgs were

10The | ower tthe degr¢q
devel oped colfor. [[ 008
prepared in the

20
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15sanme manner as in Exanple 25 but using the conpounds obtained in Exanpl es
2 to 25 as chronene conpounds, and were evaluated for their properties. The
results were as shown in Table 7. 20 25 30 38 [0085](Table 7) Ex. No. Corn-

.Pound No. Ampount of photo inPittleZorrizat |I" Warta by at.) Cured state T.
rnex Co lor density Fading halt-lite (nr.) (120)- (0) r 1.72 (mn.) 25
1 0.5 A 442 578 0.75 0.92 0.8 26 2 0.5 A 482 594
29
[0068]
(Table 2)
Ex. ;E::l;d Starting material Yield
No. No. Naphtho! derivative Propargyl alcohol PrOdUCt (%)
5
6 6 22
10
7 7 16
15
8 8 18
20
9 9 24
25
30

35



0.86 0.90 1.3 27 3 0.5 A 458 580 1.23 0.78 1.6 28 4 0.5 A 440 582 0.80 085
1.2,29 5 0.5 A 444 588 0.73 0.81 1.1 30 6 0.5 A 462 590 0.84 1.02 1.4 31

30
[0069]
(Table 3)
Ex. [Com- Starting material Yield
d
No. ::?n Naphthol derivative Propargyl alcohol Product (%)
S5 OMe
]\"
10 | 10 ”0 18
OMe
10
O OMe
1 1 7
15
12 | 12 30
20
1B | 13 28
25
30

35



7 0.5 A 445 586 0.81 0.92 1.3 32 8 0.5 A 446 588 0.78 0.89 1.4 33 9 0.5 A
464,594 0.84 0.58 1.4 34 10 0.5 A 458 582 0.94 0.60 1.2 35 11 0.5 A 440

31
[0070]
(Table 4)
o : .
Ex. p:Z'nd Starting materiel Product Yield
No. |No. Naphtho! derivative Propargy! alcohol @)
5
14 14 18
10
15 16 25
15
16 16 21
20
17 17 20
25
30

35



576 1.15 0.68 1.5 36 12 0.5 A 470 590 0.76 0.93 1.5 37 13 0.5 A 450 588 0.98
0.83 1.7 38 14 0.5 A 486 608 1.33 0.83 2.0 39 15 0.5 A 444 586 0.92 1.04 1.4

32
[0071]
(Table 5)
Ex. gzr;d Startinz material broduct Yield
5 No. | No. Naphtho! derivative Propargy! alcohol

18 18 24
10

19 | 19 a
15

20 20 19
20

21 21 18
25
30

35



40 16 0.5 A 462 590 1.03 077 1.1 41 17 0.5 A 472 594 0.71 0.86 1.5 42 18 0.5
A 4%4 588 0.82 0.81 1.5 43 19 0.5 A 468 592 0.72 0.83 1.1 44 20 0.5 A

33
[0072]
(Table 6)
Ex. 52:;‘1 Starting material Product Yield
5 No. | N Naphtho! derivative Propargy) alcohol
sosll Ve i o
2 | 2 g oH HO 25
; ®
L ©
23 | 23 O 16
[" OH
15
-0
h
24 24 20
20
[0073]

(Example 25)

25 A radically polymerizable monomer composition was
prepared according to the feocllowing recipe.

Radically polymerizable monomer composition:
2,2-Bis (4-
methacryloyloxypentaethoxyphenyl)propane

30 50 parts by mass

Polyethylene glycol diacrylate (average molecular
weight, 532) 10 parts by mass
Trimethylolpropane trimethacrylate
10 parts by mass
35 Polyester oligomer hexaacrylate (EB-1830



466 588 0.79 087 1.3 45 21 0.5 A 472 594 0.73 0.84 1.7 46 22 0.5 A 458 584
1.09 0.81 1.2 47 23 0.5 A 438 566 0.78 0.96 0.9 48 24 0.5 A 470 592 0. 80

0. 89

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

Glycidyl methacrylate 10 parts by mass
Chromene compound of Example 1 1 part by mass
5 [0074]

As the photopolymerization initiator, further,
CGI1800 manufactured by Chiba Specialty Chemicals Co.
was provided. This photopolymerization initiator is a
mixture of l-hydroxycyclohexylphenyl ketone and a
10 bis (2, 6-dimethoxybenzoyl)~-2,4,4-trimethyl-
pentylphosphinoxide (weight ratio of 3:1).
[0075]
By using the above radically polymerizable
monomer composition and the photopolymerization
15 initiator, a photopolymerizable and curable
composition was prepared by homogeneously mixing the
components according to the following recipe.
Recipe of photopolymerizable and curable composition:

Radically polymerizable monomer composition

20 91 parts by mass
Photopolymerization initiator 0.5 parts by mass
Bis(1,2,2,6,6-pentamethyl-4-piperidyl) sebacate
(stabilizer) 5 parts by mass
y-Methacryloyloxypropyltrimethoxysilane (silane

25 coupling agent) 7 parts by mass
N-methyldiethanolamine 3 parts by mass
[0076]

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



1.3 39 [0086] (Conparative Exanples 1 to 4) For conparison, a
conpound A represented by the followng formula (A) and a conpound B
represented by 5the following fornula (B) were provided. Conpound A: 10 15
OCH3 (A) OCH3 Compound B: 20 25 H3CO N(CH3)2 (3) OCH3 [0087] It was
attenpted to produce photochromc plastic | enses (Conparative Exanples 1 and
2) in the sanme 30manner as in Exanple 25 but using the above conpound A or

t he conpound B instead of the chronene conpound of Exanple 1. However, the
filnms were not cured and could not be evdbuated like in Exanple 25. As shown
in Table 8, further, photochrom c 35plastic | enses were produced in the sane
manner as in 40 Conparative Exanple 1 or Conparative Exanple 2 but using

tEQe plhot ogol Weri Zathwncihi tb At orni Auads si %r%a%xeéi @K@uaéaé%ap%[?at' ve g
Sh The i1 m VS Hof Bl il FkEAPH ¢ egw’%%&?%%.ve ERARPIEE5T and 2, and boul d
not be eval uated. 1@the case of

To evaluate the cured state of the thin

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

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

A: The surface is flat, has no ruggedness or

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

B: The surface is locally and finely rugged and

is scratched.

C: The surface is locally rugged and scratched.

20 D: The film is dissolving.

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

[0078]

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

[0079]

30 (1) Maximum absorption wavelength (Amax):

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

35 absorption wavelength is related to a color tone at



Conpar ati ve Exanple 4 using the conpound B, on the other

hand, the filmwas

partly cured but its photochrom c properties were poor. The results of

10eval uation were as shown in Table B. [00881 (Table 8)

, L4 Conpound No.

Anmount of photo- polynerization initiator (Parts by nt.) Cured state A MBX
color density Fading half-life (nm E (120)-a (0) t 1/2 (mn) 1 AO0.5

D(not cured )
neasured 3 A

10

15

20

25

30

35

could not be neasured 2 B 0.5 D(not cured ) could not be
2 D(not cured ) could not be neasured 4 B 2 C
36

the time of developing a color.

[0080]

(2) Initial coloring degree [e(0)]:

Absorbancy was measured at the maximum absorption
wavelength in a state of not irradiated with light,
and was regarded to be the initial coloring degree.

In an optical material such as a spectacle lens, it
can be said that the lower this value, the more the
photochromic properties are excellent.

[0081]

(3) Color density [€(120) - €(0)1]:

A difference was found between the absorbancy
[€(120)] at the maximum absorption wavelength after
irradiated with light for 120 seconds and the above
initial coloring degree [€(0)], and was regarded to be
the color density. It can be said that the higher
this value, the more the photochromic properties are
excellent.

[0082]

(4) Fading half-life [ti,;,, (min.)]:

A time was found until the absorbancy of the
sample at the maximum wavelength decreased down to
one-half the color density [€(120) - ¢(0)] when it was
no longer irradiated with light after having been
irradiated with light for 120 seconds, as a fading
half-1life. It can be said that the shorter this time,
the larger the fading rate and the more excellent the
photochromic properties.

[0083]

(5) Degree of deterioration [(Ag - BAzgo)/RAgl:

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

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

200 hours in an accelerated manner by using a xenon



496 590 0.05 0.06 could not be neasured 25[0089] (Exanple 49) Next, a
phot ochrom ¢ cured body obtained by the in-mass nethod was eval uated as
descri bed below. First, a thernoradically polynerizabl e 30conposition was
prepared according to the follow ng reci pe. Recipe of the thernoradically
pol ymeri zabl e conposition: Chronmene conpound of Exanple 1 350.04 parts by
mass 41 Tetraet hyl ene glycol dinethacrylate 13 parts by nass

2, 2- Bi s[ 4- (et hacryl oxyet hoxy) phenyl ] propane 48 parts by nmass 5Pol yet hyl ene
gl ycol monoal |yl ether 37 2 parts by
mass Trimet hyl ol propane trinethacrylate 20 parts by mass G yci dyl

nmet hacryl ate9 parts by mass 10t - Butyl peroxy 2-ethyl hexanoate

(pol yneri zat ;@R tinirt irdtd) 1 o8t BynRaeth@@WPlby suga THEikbakOrARd] cal |y
polynerlzablﬁ conpasi tion obtai hed above was poure%_lnto a ngld constituted
by 15gl ass plaféSadt® ddiketOb?T afBERT erESiSHAL Wt dt BELGES ﬁﬁaci and
was cast - pol piteirzeade Tres Tasy. polyaecpiatr orensast of@luictiself bye hohei ng t he
nold in an ai r i a V atni t atur.e .from 30C up
fo 90C oyer 1B haure  snd the nol 8 en *S0im A el 5t ot emper &t i of 80
for 2 hours. &Ffemeara 558l y RS 28R F oASIERE Odr SF WU FRS1PAKER Sout from t he
gl ass nol d i fiouhe nwichrdihey obd at hedf cll ed ibedyf Znuina thhdkyavas used as a

sanpl e and ""?%g%‘f%'e‘éatt%d Eeg;adﬁt n 8OO E?_Eh[iggii%t%rn%eréf. eéthdEQ‘é.lﬁ%;{égdbl c 9

25met hod as one descri above. e results were as shown i
[0091] (ExanpPé®T50 to 72) Photochronic cured bodi es were obtained by the

30cast polynerizabg@@éd1dﬂuﬁéﬁg&ﬁgﬁgﬂ@bnas i(p,Exanple 49 but using the
tcﬂreiofe“foCo”p"”“d%h%bﬁ%'w%erd L BXaIPLES 2 4Qe2d: ANd MBS eval Hatgd for
the resistance of the developed color.
[0084]
(Examples 26 to 48)
Photochromic plastic lenses were prepared in the
15 same manner as in Example 25 but using the compounds
obtained in Examples 2 to 25 as chromene compounds,
and were evaluated for their properties. The results

were as shown in Table 7.

20

25

30

35



properties. The results were as shown in Table 9. 42 Ex. No. Conpound No.
A max Col or density Fading half-life Degree of deterioration (nn,)
r(120)-c (0) r 1/2 (min) (A13-A200)./A0 x100 49 1 442 578 0.69 0.85 1.2 14%
50 2 482 594 0.79 0.83 1.5 14% 51 3 458 580 1.15 0.72

38
[0085] (Table 7)
ﬁz gglmn-\d ?E?:E?'Egzzfgmz Cured A max 32;',2'. ty E:?fir—‘sl; ife
No. (parts by wt.) state {am) £0120)- £40)} £ 142 {min)
. o A s | om | o
> 482 0.86
i ‘ o A 594 0.90 13
I S B P T
il L R
10 & > 05 A o 073 1
S I R
A A e |
S N S
15 33 9 05 A gg: g:gg ‘4
> " - A ;:g 8:23 1.2
A B A I
o || e AR
20 37 13 05 A ;:80 gﬁg ' 7
L - IR
S I SRR
o [ e | e S T
25 41 17 05 A ;;3 g:;; .
S I  Em e
L SERE AR
50 i N A s
il L R
I A [se | e
L R
25 B ~ Lm e ]




1.0 16% 52 4 440 582 076 0.80 1.5 19% 53 5 444 588 0.69 0.77 1.4 18%54 6
462 590 0,80 0.99 1.7 15%55 7 446 596 0.76 0.87 1.6 17%56 8 446 589 0.73

0. 83

e
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[0086]
(Comparative Examples 1 to 4)
For comparison, a compound A represented by the
following formula (A) and a compound B represented by
5 the following formula (B) were provided.

Compound A:

10

15

N(CHs)
20 3

®

25

OCH3

[(0087]
It was attempted to produce photochromic plastic
lenses (Comparative Examples 1 and 2) in the same
30 manner as in Example 25 but using the above compound A
or the compound B instead of the chromene compound of
Example 1. However, the films were not cured and
could not be evaluated like in Example 25.
As shown in Table 8, further, photochromic
35 plastic lenses were produced in the same manner as in



1.8 17% 57 9 464 594 0.76 0.52 1.9 15% 58 10 458 582 0.85 054 1.4 14%59 11
440 576 104 0.61 1.7 19% 60 12 470 590 0.71 0.87 1.8 13%6 1 13 450 588 0.92

0.78

*

10

15

20

25

30

35

40

Comparative Example 1 or Comparative Example 2 but
using the photopolymerization initiator in an
increased amount (Comparative Examples 3 and 4). 1In
the case of Comparative Example 3 using the compound
A, the film was not cured like in Comparative Examples
1 and 2,
Comparative Example 4 using the compound B,
other hand,

photochromic properties were poor.

and could not be evaluated. In the case of
on the
the film was partly cured but its

The results of

evaluation were as shown in Table 8.

[0088]
(Table 8)
Amount of photo- color Fading
&p. ﬁonpound plou!):yf]l.letrization Cured A max density half-life
No- > ”(]rLaIr?solr)y nt.) state (nm) (120~ @] z1,/2 (min)
1 A 0.5 D (not cured ) could not be measured
2 B 05 D (not cured ) could not be measured
3 A 2 D ("0t cured ) could not be measured
496 005 | could
not be
4 B 2 C 540 0.06 measured
[0089]
(Example 49)
Next, a photochromic cured body obtained by the

in-mass method was evaluated as described below.

First, a thermoradically polymerizable
composition was prepared according to the following
recipe.

Recipe of the thermoradically polymerizable

composition:

Chromene compound of Example 1
0.04 parts by mass



2.1 16% 62 14 406 608 1.22 0.76 2.3 13% 63 15 444 586 0.85 0.96 1.6 15% 64
16 462 590 0.97 0.72 1.3 14%65 17 472 594 0.66 0.80 1.8 15% 66 19 454 589
0.74 0.73

»

41

Tetraethylene glycol dimethacrylate

13 parts by mass
2,2-Bis[4-(methacryloxyethoxy)phenyl]propane

48 parts by mass

5 Polyethylene glycol monoallyl ether

2 parts by mass
Trimethylolpropane trimethacrylate

20 parts by mass

Glycidyl methacrylate 9 parts by mass

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

The thermoradically polymerizable composition
obtained above was poured into a mold constituted by
15 glass plates and a gasket of an ethylene/vinyl acetate
copolymer, and was cast-polymerized. The cast
polymerization was conducted by holding the mold in an
air furnace while gradually elevating the temperature
from 30°C up to 90°C over 18 hours, and the mold was
20 maintained at a temperature of 90°C for 2 hours.
After the polymerization, the cured body was taken out
from the glass mold in the mold. The obtained cured
body (2 mm thick) was used as a sample and was
evaluated for its photochromic properties by the same
25 method as the one described above. The results were
as shown in Table 9.
[0091]
(Examples 50 to 72)
Photochromic cured bodies were obtained by the
30 cast polymerization in the same manner as in Example
49 but using the chromene compounds obtained in
Examples 2 to 24, and were evaluated for their
properties. The results were as shown in Table 9.

35



1.9 14% 67 19 469 592 0.65 0.75 1.3 17% 68 20 466 589 0.71 0.78 1.6 14% 69
21 472 594 0.69 0.79 2.0 14% 70 22 458 584 1.02 0.76 1.5 15% 71 23 438 566
0.72 0.88.

42
[0092]
(Table 3) o Amox | goon,  [redine . EEEEEEE on
. (nm) £(120)-£(0) | €172 {min) %100
. 49 1 pht: oo 1.2 14%
50 2 roa s 15 14%
51 3 o o 18 16%
52 4 cao oL 15 19%
10 53 5 oa 0ee 1.4 18%
54 6 poa s 1.7 15%
55 7 ps 0 16 17%
56 8 - 0z 18 17%
15 57 9 e 08 19 15%
58 10 i ooe 1.4 14%
59 1 b vl 1.7 19%
60 12 aos ol 18 13%
20 61 13 e 0oz 2.1 16%
62 14 ine 03 2.3 13%
63 15 - 08e 16 15%
64 16 aoe 0ol 13 14%
2° 65 17 i3z e 18 15%
66 18 i o 19 14%
67 19 468 0es 13 17%
20 68 20 o o 16 14%
69 21 . e 2.0 14%
70 22 i 1o 15 15%
7 23 aas el 11 20%
35 72 24 ae o 16 18%




1.1 20% 72 24 470 592 0.74 0.82 1.6 19% 43 [0093] (Conparative Exanples 5
and 6) For conparison, photochrom c cured bodi es were obtai ned by the
cast polynerization in the same nanner 5as in Exanple 49 but using the above
conmpound A or the conpound B instead of using the chronmene conpound of
Exanple 1, and were evaluated for their properties. The results were as
shown in Table 10. [0094] 10(Table 10) Conp. Ex. No . Conpound No. A nax
Col or density Fading half-life Degree of deterioration ion (nm s a 20)-
e 03) z 1/2 (nin) (AO A200)/A0 x 100 5 A3522 0.79

[0093]
(Comparative Examples 5 and 6)
For comparison, photochromic cured bodies were
obtained by the cast polymerization in the same manner
5 as in Example 49 but using the above compound A or the
compound B instead of using the chromene compound of
Example 1, and were evaluated for their properties.
The results were as shown in Table 10.
[0094]
10 (Table 10)

Col Fadi D f
E°“"°' Compound A max density half-1ife detoriorat ion
X —
No.  |Me- ) £A20- @ | 1,2 tminy | AOTH20D) /A0
15 3 A 322 0.78 83 32%
498 0.85
6 B 596 0.78 41 29%
[0095]
20 The cured bodies obtained by the in-mass method

of Examples 49 to 72 have higher recurring resistances
in the photochromic properties than those of the cured
bodies obtained in Comparative Examples 5 and 6.
Further, the cured bodies obtained in Examples 49 to
25 72 have shorter fading half-lives (higher fading
rates) than those of the cured bodies obtained in
Comparative Examples 5 and 6, and are superior in this

regard, too.

30

35



8.3 32% 6 B 498 596 0.85 0.78 4.1 29% [0095] 20The cured bodi es obtai ned by
the in-mass net hod of Exanples 49 to 72 have higher recurring resistances in
t he photochrom c properties than those of the cured bodi es obtained in
Conparative Exanples 5 and 6. Further, the cured bodi es obtained in Exanpl es
49 to 2572 have shorter fading half-lives (higher fading rates) than those
of the cured bodies obtained in Conparagjve Exanples 5 and 6, and are
superior in this regard, too. 30 C ains: 1. A photochrom c curable
conposition containing a polynerizabl e nononer, a photopol ynerization
initiator and a chronene conpound, wherein said chronmene conmpound is
represented by the following fornmula (1) wherein RI, R2, R3 and RA are,
respectivel y,~jhydiagen atons, hydroxyl groups, alkyl groups, cycloalkyl
groups, al koxy groups, aral kyl groups, aral koxy groups or aryl groups under
a condition that at least two of Rl to R' are not hydrogen atons, and RI' and
1k2 or 121 and R6 may be bonded together to forma ring, Rs, R6, R and RB -
are, respectivel yl- hyRIrBaHoCHrenps, CaTalAe Gosrpsitegrel eantiddnigrbups, ai koxy
groups, ar al Rylymgoigsbleamahkogy, g qlys orardymeyi. saipson aim ol afrrouped a
substitut ed amromergyy auppoucdanehgraupssain ichaoyeve psondgralrahears at ons,

hal ogenoal kyre@r©sgsar tyakagenonl ey Fawipsa mand n are, respectively,
integers of 0 to 4, and x and y are, respectively, integers of 0 to 5.

2. An optical article conprisgag an optical material and a high nol ecul ar
filmfornmed on at |east opé égce of the optical material, the high

nol ecul ar fil m bei ng obtai ngd curi ngt he phot ochrom ¢ curabl e conposition
of claim1 by the phot®rap -thnerization.

(R7)m

wherein R', R*, R® and R* are, respectively,
hydrogen atoms, hydroxyl groups, alkyl groups,
cycloalkyl groups, alkoxy groups, aralkyl groups,
aralkoxy groups or aryl groups under a condition
that at least two of R! to R' are not hydrogen
atoms, and R! and R® or R’ and R’ may be bonded
together to form a ring,

R°, R% R’ and R® are, respectively, hydroxyl
groups, alkyl groups, cycloalkyl groups, alkoxy
groups, aralkyl groups, aralkoxy groups, aryl
groups, amino groups, substituted amino groups,
¢cyano groups, nitro groups, halogen atoms,
halogenoalkyl groups or halogencalkoxy  groups,
m and n are, respectively, integers of 0 to 4, and
x and y are, respectively, integers of 0 to 5.

2. An optical article comprising an optical material
and a high molecular film formed on at least one surface of
the optical material, the high molecular film being obtained
by curing-the photochromic curable composition of claim 1 by
the photoradical polymerization.





