1 DESCRI PTI ON CHROVENE COVPOUND TECHNI CAL FI ELD 5The present
- invention relates to a novel chronene conpound and an internedi ate
"and use thereof. Mire specifically, it relates to a novel chronene
conpound which is useful as a photochromnm c conpound for photochromc
spectacle | enses and an internedi ate and luse thereof. 10 BACKGROUND
ART Phot ochrom smis the reversible function of a certain
conpound that it changes its col or BSWFREFTHIn exposure to Iight
including ultraviolet |ight suchcggomigti eblipimbi ght 15 froma
mercury lanmp and returns to its original color when it is put in the
dark by stopping its exposure to light. A conpound having this
property is h rom c conpound” and used as a material for
photochronlcf%¢%§?g%ﬂlg%§§§ 20For the photochrom ¢ conpound used for
this purmose, the Tiod|oreagnpropesht don ar€liegui teda dyel hehdegese
of coloration at a visible |ight range before ultraviolet light is
appl i ed (|n|??%P°E%@o?%@|%ﬂ) E%ﬁmﬁdb%t?oﬁpd(P?? tReTaedr edlore
col oration UQ@@cffP@éPIf L0 WelibawsoL 8ta I Eheo%éngecéﬁgasaﬁﬁ&%ﬁpch
as "col or optical densi herei nafter) should be high, (I
speed from the esatuhhes %h@h@p@¢hngm1©ncgmpgmndaﬁonlBhOthhromsc
started to t color_o tlcal it reache saturation
(to be refer%@%é%%g%éhfgn% e%e opnen r@%n3|€|v¥? ﬁ%rghﬁﬁ?? F)
shoul d ke high; 30 (1V) the speed fromthe stoppage of the
application of ultraviolet light to the tinme when the conpound
returns to |$%p%ﬁ$%W¥Q'A%Tate (to be referred to as "fading speed”
herei nafter) shoulghf&dH i) st Bﬁer%s%ﬁ@@dﬂéﬁidﬂ oMk Sertain
reversi ble function should be high, and (VI) the 2 solubility in a
mononer conpuFiRGwA whilagh ik fhabgesneta drdstr swtiditilyl upbnesxposing tf
the photochrp i.ts i |I|t
in the host nﬁ eri %@.&h&l&l enggggﬁgglgl ggglgisg{ﬁhe aﬁc’hoﬁoc f(%rgn((gz 9¥ht
conpoundsmhlfﬂbmxu1mﬁﬁnuEWy1hh@sandeqatnEﬂents 1t@emfag&ﬁakIEWWbr when

chronmene conpounds hayi ng. an_i 2, napht ho pyr an
structure as-tH& BESi ¢Ps %é?e‘il Yéfsé:rof’tp&na’{f ﬁ&ﬁ’pﬁ?‘@?sb} 8| F‘Pe}h%lf‘?onzf’r

Lai d- Open WIQY-REIS @axdl p@}mml %tf‘é nad 1 ol ~digd s b 10
Wp2001/60811) . eferred tthat a photochrom c plastic
| ens conpri SHAPAHEprgt d‘lﬁ%&a@ Gompdierd ash dird pherel iy anicolirdie sdiica

neutral tinty as gray or brown. A color of a neutral tint is
obt ai ned by m Xing toget her several different kinds 15 of
phot ocheoni ¢ conpduwndshehpbbtdenebopededbhpoent woedrior Mities purpose,

speC|f|caIIy i obt ai ned b mX|n a yellowto d phot hromc
conpound (yeii% vgoc,]ts)]ﬁﬁﬁﬂﬁi r%ﬁﬁ%ﬂ's‘?fi {ﬁ LEJ}

nmw th a pWdlldrdtd.di He apqutsqmﬁaom h@@ﬁ?@@gefgké%ﬁmt fla\glhrtg

a maxi mum absorption at 550 20 to 650 nmat the time of color

devel oprent 18 appliedoligidrialnfen asaitdordoritiatld e aka ed( bt Hye
this nmethod,g 0 h

phot ochr om c oép%#'?'l (ggs)?%e‘%\[‘/\%%ﬁ ‘Iﬁe B%’poun EC)d"'litthf%lave %gnlghlllt 50
t oget he25. FEerrefkenpeéd tonben colerr @pehta ddealsiilyt’ yh%emafmyethWd
compound is.lo th of the Iue rrpound e photqchrqm c
o abtr et ends Bibbeq Pot) S mpes ERRoohs pRtF R it BgPaGCA P
changes to afcah@favibhed i‘i?ﬁeglblsl@aft@a el tthignC I the color
devel opnent sensitivity and fading 30 speed of the yell ow conpound

are | ower tRRY1CKIsEesf itye nsRghesomedI@t idierEvhauzsete |temas
that the cokab, QY40 € Qﬂ%rf?éngﬁ\é sﬁrﬁr{%ﬁttmv I%&PQ&P%&&% gt 899y

the color during fadin as'a s rong ye I S considereée
that th3s pr(dM)theawplaedscﬂrmdthxe sftowa@@ @fcmimwp@mmdmsaftv\o

or nore absorption naxi ?ﬁ‘tlﬁe of ure and devel ops a

ol or of "o RACERIRoUEk: LgBE: bel Fie dotibF arn e LIRS, FEtieAensan
its original state (to be referred to as “fading speed”
hereinafter) should be high, (V) the repeat durability of
this reversible function should be high, and (VI) the



OCH3 A chronene conpound represented by the follow ng fornula
(B) (refer to a panphlet of International Laid-Open 25 WO03/044022)
“has snmall er absorption at 430 to 530 nmthan absorption at 550 to 650
nm and | ow doubl e peak characteristic. 4 Al t hough a
chronene conpound represented by the foll%wing fornula (C) (refer to

hl et of t | Lai d- W)05/028465) . h [ 1 t
Gonnl e e ERbP el SRV L 8 moRe e | et SPaFb BT bf HRHqMELR host

density 5 andatadiay speed, cf&fﬁn%n@lf Of hé ShABSORPLH LN SHRSSEAD £houDe

referred to as "absorption end” herei nafter goes beyond 420 nminto
the visi bl e Panyboh Hrertdiat s Eilﬁ§§rlsé§ﬁqlfl&y ihptbechent meeauseliin

initial color I 4 ly large. OCH3 (C) ocH3 10Furt her,
us52009/ 030909%%185?%@ (é)seg{]]f1 chromene conpound represented by the

fol l ow ng fornul a AD)the Hhwrvehratie compound waschooanfaatisfy these
i nprovenent as its absorpti.on at 430 to 53 nmis snmaller '

absor pti on a’feg%br?%e%%ﬁ AR 355 Qg‘ﬁnﬁh‘aP‘aE?‘éPiiE&%V?%g an

low. 5 CH3 ind®dnd (2, £HB) M@l@@l&@(ﬁ)zﬂb%&%ﬂuétu@%@ BheGLURE
OF THE | NVENTI ON I's therefore an object of the present

i nvention toS]E)EPb%T—‘éI% ér%mameac@ﬁm@lﬂtmfcﬁna@v@@%@na cbibd-epen
5 neutral t'rb‘ég 5828 gy ﬁrﬁ@f@t I%‘Pt%ﬁ%?ﬂé&&ﬁ?ﬁ%éi@sc‘%@nof

conpared with t a ove conp IS ano
t he predeént W@W@@ll@@ﬁlb) provi de a chrorrene conpound whi ch has little

initial coloratio colar, i,C dens and a high fadi

speed, is rarely % c’Uﬁg&f%eog l'tar (ﬁq’%‘%/cél?lf%?h‘f |R}?F‘%tn’ocr y
experiences @m@ﬂi@im@ftﬂenf)ﬁ.@{:@&hﬁﬁﬁlhéaéorﬁkﬁ‘@%&)éﬂ@ﬁﬂra Bevk3opse&tolor
repeatedly, that is, excellent durability of photochrom c properties.

[t is still WnaUARYLBR] doNtoFuPhe DEESHNET IFRMLI oA ABLA Of ®VIekE 78 1
chromene conpgun
wll becone a sugss}tl\lirg}at‘:agl%?a 1?1}(opt| \éfﬂ ItB|9%| g%&ogg(reﬁﬁggcﬁfﬁéﬁéhwl%s

elna
concent dat i gt photochronic |csar@dundshefh1aﬂ} etwvedfod e fifreasarit colors.

invention t OVI de thoI d for ,the manyufacture o
the 20 chro A ot B TRt B8 obt S Gl
advant ages qfhdﬂt&:lfm&zsﬂmcdrﬁptﬁﬂid Ofy e 1 dw hesmimaappaLrting romdHemum
foll owi ng descri ption. is known that, in the i ndeno (2

1-f) napht ho a(bﬁorzvbosq;yﬁarﬁ%%gpeﬁ%ﬂmnm%w RSO tO0P P @ﬁqurélromlc
excel | ent PRALGEAMLN B 10E0BGRbbESA) ey Y RaRSAnCABESELEISAAC 5

i nproved, the absorption end can
20 to 650 nm at the time of color develcpment.

However, when color control is carried out by this
method, various problems occur due to the difference in
photochromic properties between the compounds which have
beenmixed together. For example, when the repeat durability

25 of the yellow compound is lower than that of the blue compound
and the photochromic plastic lens is used for a long time,
the develcoped color gradually changes to a color with a strong
blue tint.

When the color development sensitivity and fading

30 speed of the yellow compound are lower than those of the blue
compound, there occurs a problem that the color during color
development has a strong blue tint and the color during fading
has a strong yellow tint.

It is considered that this problem can be solved by



posi‘ti oned at a short wavel ength range and the initial coloration can
be reduced by enhancing the el ectron donating ability of the
“6-position and/or 7-position substituent(s) (introducing an el ectron
donor group having a Hanmett 5 constant ap of |ess than 0) whereas
the fading speed becones |ower, the color devel opnent by heat at room
tenperature under no exposure (th| s col or devel opnent wil| be
referred to REIBY R {GAPARDMFHIDh Bee tHEr RECHPERT I OFRE P Maekyums
becones | arg ECONES QY\?[.E I

donati ng abi %Ft?qgf%ﬁ%d%fg%ﬁé?%uhrgnd/ or l='?Lpos ?g%és %%ﬁeﬁﬁé@al
becones hi gh@lnt by itgghkf | (emils pestk domponesint Ihveatkoowhavieat a
conduct ed |n)t,g ve, st udi es .to sol ve ﬁlhe apove robI e and

W_COmpoOLLIL gsllﬁ %.‘F'l(a Lﬁﬁ 8 BE (‘icgng'ound in

found that a° thronene conpoundgﬁlﬁ
char act esi stderaldliseg. | rdmdidig s peabnipgtthrd tHa eiridhid iralgheat ofatian
by therrmchrom sm t hough_the el ectron donating ability of the
substituent $ArPareREL Bhstamtiay hastng @ oyaxsmpmyRPLoBRE bPRed when
a specific spybadidpent £onishnidds s SﬁHJ %héﬁoghésbw&@&'mf b0 021
the 6-position and/or 20 7-position of

i ndeno( 2, 1- fderphitho(laving p'iyrrmmmmcahﬂcezptﬂrrm pfaa&'lrﬂngmyeﬂ:t i580 has

been accorrpl ed based on th s f| That is, firstly,,
t he present |nf?/en ot e c C%B‘}ﬁllhed BRd r?émg’c’% e ratio
repr esenbed dfy thbeyél)ld)@\tﬂd]@rZEPf:Qémﬂcﬁar(sh)ty td the bluel folbe a1
formula, (i) Rl and R2 are each a sul fur-containing_substituent

sel ect ed f rcﬁ'ﬁlisrfézlgrjdhpt}t%r%qlﬁll%@%ﬂk IHTROHID RRY dekylafigts egt dwp as
al koxyal kyl bYQuErOUahaligabde 4 & grouger Eyel palky! thi o gr oup,
arylthio 5 group and heteroarylthio group, (11) 122 is the above
sul fur - cont ai ni ng Asulids m@ﬁomm icompchylt dgernirat dvo fopd mexsd

2 no” or oup, LA IE FRR B pach R e G PRty von Bt GGl

and bontsd tuedkhechennrde, rigrd Qricoknbig drpoiricrepyebefit AP the
bonds via the r‘itrogen atom cyano grourg nitro group, fornyl group,
hydr oxycar b Wac,sdr@dn up, al koxycarbonyl group,

hal ogen atom ar a'I—ILS:WerzrrOUQheéé %dﬁ@@ﬁ:ﬂf@ﬁaveafa&msr%@Eamg&o%xﬁten&
group, or (iii) R2is t he above sulfur-containing substituent 15 an
R is a hydﬁﬁgé@%tf@ﬁlmmml@mupThatkyB gﬂo@bromah@abbylpogndup,
cycl oal kyl ti Lergc

group having %%%Sr?q{éé%n%\e’q;r ?%g@ﬁgg fom andlabéhgegr%tceli ﬁe DHERY

ring to2ohi of Iﬂneeﬁﬂlaphama]: Lbeidelogxeyﬁcm@l O D8IP3 PoraEsa Lok ﬁahﬁrnj tspegan

atom cyano _gr.oup, 20 nltro . fornyl : hydroxycarbonyl
group, al kylag’zgr a%dﬁ}}éé( %g]&%p akt om

ar al kyl grouebnal,axgrc@elgq&lg;r %0 Hlgrar yl oxy group. Secondl vy,
the present |nvent| Q4 is a phot ochr om c curable conposition

conprising the conpound of the 25 present invention and

pol yneri zabl e 78 Th|r , the present invention is a
phot ochrom ¢ j "é) 3pol yner nol ded product

containing the chr of the present invention dispersed

therein as a const : <" In the fourth §+ ce, the 30 present

i i icle having an optic substrate all or

of which is coated with a polyner film
und of the present invention dispersed

therein as a consthgypnt TR S Finally, the present

i nvention is a napht hol c0u-ﬂund represented by the forrmula (7) which

will be given her ei naft er. “°5"BEST MODE FOR CARRY!I NG OUT THE | NVENTI ON

The chronene conphucbrofiehbecpmpsenti rapeakentclabyathe following

i ndeno( 2, 1-f) naphtho(1, 2-b ran structure represented by_the above
formula (1) fégm{gﬂa gé\)siéesafgﬁlé‘f:’oﬂ.parnﬂpl?Jseq(r?évm%nttﬁ§FaEHPBﬁ%nTeald Open

25 WO03/044022) has smaller absorption at 430 to 530 nm than

part of at |eastlonglsurfs
cont ai ni ng HEECchrynene ¢

absorption at 550 to 650 nm and low double peak

characteristic.



In t'he above conbinations (i), (ii) and (iii), R whichis a
substituent bonded to the 6-position carbon atom of the pyran

‘skel eton and/or R2 which is a substituent bonded to 20 the 7-position
carbon atom of the pyran skeleton are/is a sul fur-containing
substituent selected fromthe group consi4sting of thiol group,

al kyl thio group, alkoxyalkylthio group, haloalkylthio group,

cycl oal kyl t hi/o™0 ou-fgﬁrylthio group and heteroarylthio group. 25The
above al kyl t K (}?n al kylthio group having 1 to 6
carbon at ons. . *he al kyl thi o group include
met hyl t hi o group, n-propylthi@%roup, i sopropylthio
group, n-butylthid Asecpgutylthio group and t-butylthio group.
30The above al k¢ yl thijJo group is preferably an al kylthio group
having 1 to 6 ca z
1 to 3 carbon ed exanpl es of the al koxyal kyl thi o group
i ncl ude net hox oup, nethoxyethylthio group, nethoxy 10

n- propyl thio gro& Y- Ns i thi o oup
and n bt opoxybr oyl T o B supc eAS oS ELoeEh My B o BE L
i s preferabl fodhowlhyl Lgmoum HaVi ngefet ot ac prbphlatond Trdcernational
substituted . | uor | chl orine om or._hbrom ne_at om
Preferred exg%bﬁé of @ﬁ§52%$%§$§9|?%?0e6?%ﬁLe c?ﬁﬁ%ge peak
trifluoromet&yhttOepiotiPe et paALtOrQBIRMIN 8F HOWY: optical density
chl oronet hyl t hi o group, 2-chloroethylthio group and brononet hylthio
group. TRe a¥N EairDAPREd hLbegeBdPt ¢ ebepapityoa spectrum (to be
cycl oal kyl t hj LR 2} r

hfﬁ%ﬁk? Hayk %b%aﬁ%%&%npop@%%%%ﬂ&ﬁ RL BX88RESS 0

of the cycloa o0 group 1 nclude cyc I 0 graoup,
cycl obut yl t o fmbaptheyel apeht yrami®. griwrem- e,y cltolsey Intdunm fpmoup.
The above arylthio group is_ preferably.an arylthio_ 15 group. hayi 6
to 10 carbon %Q%%?rﬁ,‘?ﬂ%f ‘??aelgs%xja?ff)l]e%% afhéojg???ifh?% yr ogjplﬁ?]ﬁléfgde
phenyl t hi o grape. 1- napht hyl t hi o group and 2-napht hyl thi o group. The
above heteroarylthio group is preferably a heteroarylthio group
having 4 to 12 carbon atong. Prfzéyred 20 exanpl es of the
het eroaryl t hi o group— ncl v t hilenyl t hi o group, furylthio group,
pyrrolylthio grouin}?' ] i 0 gfoup, benzothienylthio group,
benzof uryl thi o gr o4 QlAFthi 0 group. One to nine
hydr ogen atons, partic = ably 25 one o four hydrogen atons
of each of the above rodp and the above heteroarylthio
group may be substitu group having 1 to 6 carbon

( pHAavi to 6 carbon atons, a cycloal kyl group

@B, B3 hal ogen atom 30As the above

sul f ur - cont &s@P'ng substituentOC n al kylthio group having 1 to 6
carbon atons, an al kylthio grodp having 1 to 6 carbon atons and
substit¥Ped by an Falrtdeyr qlUs2e H9a(\ti30Q 07 ard Ilicmlvresateo mhraperse
cycl oal kyl t hj I havi .Q. 8. _car at.Qns i s eferred.fraomthe
Vi ewpoi nt's g%ﬁﬂﬁﬁﬂ#££?§5§?%3§%8&>rtﬁgﬁﬁagfﬂﬁgﬁgF9§ma%a §QUb|§°H§XFr'
char act eri stthe awthpoetidChag koo Abr chheraténenbyaPotd iabycigptie at
absorption end at a _short wavel ength range_and reducin

g
t her nochr omi%Sf HUPEYeP™ 4F SMAHHER SPGrodhseTRERg 3 B8 O6 toaB5En
atons or a G¥e aalKHduYIR PP IR 311 & cal boR, atonms s
particularly preferred fromthe viewpoints of increasing color
optical density and doubl e peak characteristic in particular.
Particularly preferred exanples of these groups include nethylthio
group, ethylthio 10 group and cycl ohexylthi o group. A thi ol
group or a haloalkylthio group having 1 to 6 carbon atons is
preferred fromthe viewpoints of increasing the fading speed and
reducing initial coloration by thernmochrom sm Further, a




tetrafl uoroethyl group, chloronethyl group, 2-chloroethyl group and
br ononet hyl group. The above cycl oal kyl group is preferably a
“cycl oal kyl group having 3 to 8 carbon atons. Preferred exanpl es of
the 5 cycloal kyl group include cycl opropyl group, cyclobutyl group,
cycl opentyl group and cycl ohexyl group. 5 The above al koxy group
is preferably an al koxy group having 1 to 6 carbon atons. Preferred
exanpl es of the al koxy group include nmethoxy group, ethoxy group,

n- propoxy group, 10 isopropoxy group, n-butoxy group, sec-butoxy
group and tert-but oxy=g oupCHs The above anino group nmay be a
primary am no group, eg@ndary am no group or tertiary am no
group having a substi 4 Exﬁnples of the substituent of the am no
15 group include aIkyI

g 1. to 6 carbon atons, hal oal kyl
group having 1 to 6 carbo

oréup\ha 1 to 6 carbO{]D
atons, cycl oal kyl group rbﬁp_gﬂp 3 yI pup hav hb
6 to 14 carbon aton@ an

group having 4 70 14 carbon
at ons. Preferredpgpsag. am no group include am no group,
met hyl am no group, gimeth oup, ethylam no group,
di et hyl am no group, phen Y no group and di phenyl am no group.
Preferred exanpl es of the above heterocyclic group having a ring
menber nitrogen atom and bonded to the benzene 25 ring to which the
het erocycl i cogsoUPsHRPASFVIREt fevRtrogen atom incl ude aliphatic
het erocyclic groups such as norpholino group, piperidino group,
pyrrolidinyl grouptt giSoéhgredersr anpPlier Nafet BFEéﬁEEr ReveRbLpn to
and ar omat i ocyC p I eferred
xarpl o5 of The Shevi arolear beashoananehioh, careLdel cOBeE et
ethylcarEonyme@mem)tlrﬂ:Eﬂgfeﬂsemuehanppeeveﬂ phhet abovenmic properties

| k b b d eth b I
o oup. - Exanptes SRERES it 08 TR SV PTG Bt om 13 ohl or i ne.

atom broni ne atomtang drediHee @b@@tt of the pré@engabovesat Ky b ([ BkiHe
is preferably an aral kyl group having 7_to 11 carbon atons. Preferred
exanmpl es of & RBTIREPRYFOR WﬁéFﬁd@soéﬁ*i?ﬂeglrwalpﬁ@rwréﬁh?ﬂr high
group, 5 pheé'B/icPf QB 1 SH O Ul YAyt y | n o @I&E‘% | et

group. The aopve arélkox group |s prefera %ﬁaﬁggr k%§£ElY

group hadi ng?dlqaoed_atcahbohlraemfsdepﬁeﬁ@madooxanplmreﬂiytel:@eaﬂaan@w

group i nclude benzyl.ox oup. and h met hax grou

The above aryI%%@u%tr%%% J?hs pO?le?rer%H) y %n é\‘?%%&& ‘@?%‘b L av n%s%dto 12
carbon at oneregafeiled wxanmles edcdllem Wupgbidriap dMghidchromic
phenyl oxy gro(g}and napht hyl oxy group. The above aryl group is
preferably dFHSA Y fDup having 15 6 to 14 carbon atons. Preferred
exanpl es of the amyl ;g Q4R 1INGHEAS RN P thk PRAMY | 1R
and 2-napht hyl group} These a?gﬁfyl group, aral koxy group,On
aryl oxylgr ol Bhgvadela ghoopena;ﬂdn@qmdarvhéqhl@ﬁrs@bssbluei:’mga honengr
hydr ogen at QIR g I R ferabl 1 to r.ogen. at.ons_,of
benzene ring oﬁxgﬁﬁéﬁh ha é%b rﬁﬁg e aboveq% fgivq dro tl%ﬁkyl
group, hal oalrdyilclgr dup,a a-gdsz_zjroaidndergrmoral koxy group, am no group,
het er ocycl i ¢ group, anno up, nrtro group, fornyl roup,
hydr oxycar bonyl gr&up® ﬁ%FE o MAVEGdEs do
hal ogen at orR5WeR r'f@véﬁ n%.p'P:)f:‘I'fqu¥bmﬁ69HQ f@é eyle ﬂéﬁHEacEMEEO@f K¥le
group, al koXy group, am no group, heterocyclic group having a ring
menber 29t r gaemeriemcanpdyenwdad ttdet ey dsEmteniaivenigiaro. which t he

het erocyclic grou d i n ato ral kyl gr.ou .
ar al koxy group, a§§302y3% %%Eégﬁugrfﬁ%%ggﬁﬁs 55 f%%za%ﬁg%gzﬁﬁgﬁntlon
charact eri stiid Ibeeemas: lipgaateritha@romhemeRE J1S carigicd We sitigst itdian

these. Qut of these, R2 is preferably a_ hydroxyl group, alkoxy group,
ami no group, heteFGc&él#BogPoGBaﬁavFﬁg t8€r i ng menber nitrogen at om

indeno(2,1-f)naphtho (1, 2-b)pyran skeleton which is known to

25 provide excellent photochromic properties, the double peak

characteristic is improved, the absorption end can be



15 Bonded to the benzene ring bonded thereto via the nitrogen atom or
aryl oxy group fromthe viewpoints of increasing double peak
“characteristic and color optical density. It is nore preferably an

al koxy group or heterocyclic group 5 having a ring nmenber nitrogen
atom and bonded to the benzene ring to Wi ch the heterocyclic group

bonds via the njtrogen atom icularl referably a nethoxy
group or norpABHrHIGE odb. alﬁhQBFeWgY? ANgRRoFERGC CBRBORAR> L E1al

Qut of the C&P@F&'@léﬂrﬂéﬁyﬂésr&iuéwb@réﬁﬁ@ﬁciﬂ%%é eNec@roAr RN
conpound represented by the follow ngfornula is preferred as |%

devel ops a copbliby of réw ﬁapqsllrlrtloananﬁé@rh?gmoaotmnombs:@tuent (s)

density, a h peed e e y_o
photochronlctproper |es§ %ﬁ $£Q?Eé§% §é§%£)£§88§§§$biﬁé Fhe ﬁammett
substit uent @fndten€ ¥ .08E Me=LORPRUNG) ISy tetk Byudihg sheve daidmda
(2) wll be described. <Rl and R2> 20R3 and R2 are as defined in the
above for mul =¥y CERRefrlod deve FoPReRt 1 RE E%%Bi%Et¥%ﬂm(F?mpeE?§u§ﬁd
R? may be thﬁnm&reﬂﬂglﬁreemtmﬁ%o%@ Béeezéﬁéeﬁedwfiﬁ BE LAV re

i ndependent|y a hydroxyl group, alkyl group, oal kyl group,

cycl oal kyl drows “Eikiodareumraion lgrdilpﬁrmml’ércumu dlegreouxafter
having a ri ng(mber 5L 0ogh, 3o And. gonred Lo.Lhe. bengene, [ pgot o

whi ch the heterocyclic group s Vvia the nitrogen atoni™ cyaho
group, notreEaiyn demading abplibhydsDxateasbpbyh tgnoapd/or 7-positon

al kyl car bonyl grou al ycar bonyl_ grou hal ogen atom ar al kyl
group, aralkfd'légs ‘g{ﬁ)"‘ E?i; % gry group. 5The above al kyl
group is prefer ab'%é‘ﬂn%'ﬁk‘br@rr QEpcklf@\ﬁr%e-htt Onbefidh BAMA@Monducted
Preferred exanples of the alkyl group’include nmethyl group, ethyl

group, n-prdgyiengioim stivddssopy | sgrcriphenabavy Iprpoigns ead-havy|found
tert I
ﬁgfggl kyFrgr%Jgpyl sq{pre era%néé{r!l &Eﬁfﬁfﬁgﬁt}gg‘%wﬂiﬁu{o‘%&%ﬁ ﬁgove

at ons and smﬁraaﬁmm@, fﬂoj:orsrc:néoazt ﬁardmbl opeaé atdmitrt by dningal
atom Preferred exa s _af the hal oal k ro i.ncl ude

trifl uororretq"r& td:%" et%?‘lﬁfﬁ’b’ﬁ 'thr}gﬂ’@% re:jrﬁft n fFFing
2- chl or oet hyp 115 tgF QP @H'éj ANUDE] fH Qtimett cong%@tl?v%lose to
cycl oal kyl group I's preferably a cloa kyl “group havi ng 308

car bon at ong) Pﬁé@?rlédobi%éﬁrﬁﬁéswmnt%épé%féﬁlS’v@bs@#‘@%@‘i mn&@énmg
cycl opropyl agrsgﬂ%uxc Gl gbuty !l GrouR, - & C"x&@f”&ﬁ’é élr A @, CHe c{l]f) exyl
group. 20The above al’k oXy group is preferably an aI 0Xy group Hhaving
1 to 6 zar boh patsdrsi.orProgf et:rlreadireiearqadk,slm nar;éﬂﬂid(ﬁb(,w-gw)qnm:amcl ude

nmet ho ro etho Q SO o] ro
bt oxy or SRR 685 BFSaRTEn VR0 527 GGt SeSoTRd Labse

am no grOuphﬁ%kdb%naﬂﬂﬂgﬁﬂﬂhdﬂﬂgm)grOUp, or a secondary am no group
or tertiary am no %-oup havi ng a substituent. Exanples of the
&

substituent of théhaf ns- g?b‘&i)tl}ﬁclﬁ}’tﬁepéle@?mtgiéﬁﬁnﬁmnngs B tcélr@mene
carbon ato I
group 30 hg\?l n %lf?ltzao% ca oéﬁgg%\gﬂéé%r%y%#%ﬁ groﬁ}q{r@evr ng ]3 t

car bon 2% ongcrampla dridup having 6 to 14 carbon atons and heteroaryl
group having 4_tqQ 14 carbon atons. Preferred exanples of the am no
group |ncludf-Fﬁbwo group, nethylam no group, dinethylam no group,
et hyl am no g¢r H ylam no 17 group, phenylam no group and

di phenyl am

(1)



Exanpl es of the above heterocyclic group having a ring nenber

ni trogen atom and bonded to the benzene ring to which the
“heterocyclic group bonds via the nitrogen atominclude 5 aliphatic
het er ocycl i ¢ groups such as norpholino greup, piperidino group,
pyrrolidinyl group, piperazino group and met hyl pi perazi no group,
and aromatic heter@ayehCaBboEPSoEMENaaS (HNARL i AWk BF QYR each a
Preferred exanpl es of the above al kyl carbonyl group 10 include acetyl
group and et Bléarperptagndng. substitueptepeleegedx frpmeshef orieap

ot noxycar bonyoragsnS LI EEEE MO e B ol AP BRppivLenio

fl uorine at ogwroabl, ohabeabkphthbo antaep ataymalazd kivadiie gtooup, lafhethio
above aral kyl group is, preferab an aral kyl group,having 7 to 11
carbon atdns gr%}lgf gpﬁe&e§§§ﬁﬁfﬁ'¥i¥8ﬂ‘:’t HE CHPal Iégll?gg(l) ubSi Wg? udROBENzy|

group, phenykat fyk-gbadRinRAgN¥LBEERYLAEOHR RPENY! @%;zara%eﬂpa@aﬂ,
napht hyl met hyl grou 20The above aral koxy group is preferably an

aral koxy gro MdﬁQWVEQQIOPQr1§1bﬁﬂbgﬁO&Ponﬁ.&1Pﬁék§ﬂrGﬁoépanﬁly'@éoeﬂkvﬂe

aral koxy gro j,acl y_deoup n t hyl u The
above aryl oxggar gﬂpyﬂgoﬁ%gru I ?géﬁga%’?%y%%&g%%]‘g%%ﬁ%h@ ?%V:ﬂg
carbon at onsa Piefensmiceexaiiptasernfatdie aardy boxyledr abpthacbafdgene ring
phenyl oxy. group .and napht hyl ox oup . The above aryl group
P oY of vt § 0Ly B BEe Pty T8 wipun bt A b e BT R e
exanpl es of &pgnarggoggpuaitﬂglggsugheﬁmkmgnoggougznﬁ?akexycakgaayﬁnd

2- napht hyl group. e to seven hydrogen atons, particularly
pref erably o8EOHB: fdbkyhgarbgeyil agbaep of athexyeaviory brareaignt Hak kegen

ring of each th yl 0X : o]

group and ar??égfd%%ggg%fﬁg&ghgbfﬁggtegyﬁg&?kg’a 58%8%96?%§§# é?d%r,l
al kyl group, gﬁailpaldtyl(f.gibllﬁ,imyhbcr&tdsyé sgﬁcﬁup,—pfﬁsaiaﬁhgxsn?mmﬂtfnent
am no gr.up, focyclic group, cyano group, nitro group, for

group, hydr o?(ﬂ}‘ga bariy 12 gre ,gegrf k%ﬁ/%'r b@ﬁ% o fF° 'k(?;ﬁs’c%]r b%%fp'
Punber 5 of o uher ab 1 oY o e B B i bR,
different. "®iPBaBHC|RRERRICHILIC (FrHMAGVIiNG ar 28T tTembpRAbEF L TFgen
R4's. When "bl i s, a0 I R9E7 P ; Lt 'S IRy .

t he sane or %??*erentfﬁéartﬁgﬁfgél%ggégpgrggﬁg?LéBM%%éthhé pﬁg&lc
st er eoscopi cdterd@yshat lgrsuipsbohdentizasha i ghoden atgns pegdnbsyroup,
obL a1 nedyy THELE16" &gl L SLAL BT LSl So B Y OED atom |
0), hal oal kyaljgymaormm}eya@m@%m@m@x@c@m@n@d@mﬁpmlc'b§eﬂ5atom,
obt ai ned, particularly preferably a hydrogen atom trifl uoronethyl
group or cya@RHFolpITRP | PR BFSFATTORRNRfe RYBLeRE 91O¥dsi ti on

carbon atomto Obtﬁdgargilg{,gr efﬁgé’%tsrﬁ%ntio ig a &chromic

plurality of R3's an ality of R4's are 20 existéent, preferred
R3's and R4'curaleld lteompard tdont hospréaingrEiediahmnene cBipanddREE the

and R6 e each independently a gro repre ted 25 by the follow ng
for mul a263) PRTRUE rEbrUeNTLAly KR FOr T O 1y THIMRALE (4), aryl
group, heteroaryl Tgriawnyor MK HrededitP. i mvdiEihn G RO hotdbhrdi ¢
In the above fornmula (3),. RO is an aryl group or heteroaryl group.

) . p.
Exanpl es of I GRyRIGAGUS 8P 1He2sBABYERT tTHokted Rind e ¢ imgng
and R4. The dhgt enpaiyd @r&h&aﬁ@r@f% ! él@%ef i !
4 to 12 carbon atons. 115 Preterred exarr]%?eés(r% t elﬂgét'erloary C Qu%o&9
i ncl ude t hi ethrapteigy eupa fongltigneog, mpybeol. vyl Igricup, fqyrtihdyd]l agreguthe
benzot hi enyl__ar.oup, .benzaf.uryl, group_and henzopyrrolyl .aroup. is .a
nydr ogenUat SHE TRy LGt BF IarBy &R At 10 Frdr TAvdd SRt
the al kyl grsasdmaaladida Imeirha r@r @M .atetikials 011D saRd aRfeORM wWiiQWD is
Exanpl es of the hal ggen atomare fluorine atom chlorine atom
coated with a polymer film containing the chromene compound
of the present invention dispersed therxrein as a constituent

member.



30l n the above formula (4), RII is an aryl group or heteroaryl group.
It is understood that these groups are the sanme as R9. "n" is an
“integer of 1 to 3. Fromthe viewoint of the easy acquisition of the
raw material, "n" is preferably 1. 20 Preferred exanpl es of
the group represented by the above fornul& (4) include phenyl -
ethylinyl group, (4- (N N-dinethylamno) phenyl ) -ethynyl group,
(4-nDrphoIinophenyF}naéiﬁyHQEE@ﬁ@ﬁﬁPtSlPﬂenbiﬁéri%ﬁh@ﬁﬁéﬁépl)Compound
-ethynyl gro t ox e = h g I
-nethylpheny?gyr?géﬂggglﬂgrgﬁg,E%kgh}%eﬁﬁ%xﬁg%gﬁyﬁg$g-b%tﬁ&ﬁ?F group,
2 - thienyl hee¢ihgfigergroup, 2- furyl - ethynyl group, 2-

(N-met hyl ) pyrrolinyl -et hynyl group, 10 2 -benzothienyl -ethyl group,
2 -benz of uranyl -ethynyl group and 2- (N-nethyl) indolyl-ethynyl
group, s BESEXRODPEEsORfchhryakyl ogroupe heUereaoy! group and al kyl
group represented by R5 and R6 are the sane as those enunerated for
R 3, R4 and R9. 15RBe £ W oneerRnancfl ti fesaiidisyanbésty hag an
t oget her wit rbo bC d

Preferred exgﬁ%ggg?%fpt éﬁ%??%%§é¥€ﬁh@é&%ﬁ%ﬁb%ﬁgﬁ?ﬁgp?ﬁ% %ﬁﬁfeﬂted by
adamant ane rting, aboeyciomondme (i) ngs nbe boasaneskehgtand fltwarerienown
ring. 20For the chronene coqgound of the above formula (2) to exhibit

excel | ent photdThrBRPEEDT op B Peed? f3Fhi 29 p22k characteri stic and
fadi ng speedindedd (2 east) Lashtis ef e2 ab) yyboh hsotutherabgyeris Bagdi RO
are preferably aryl groups or heteroaryl groups. Further, at |east
one, prefer aPF§lpbPR 2 IbF tREXGRYL BYE RhotRghrel aprepsréfiesabl QuamL
one of the i 3 i r . qr ry,

o oup. havi net e arIesors: SasEhbap iy o AT on ¥ 8RB kel EE6R) Yone
(v) an aryl ghroopene cospeuodrgf tdeoppe bent rngvam tammoeang rdee 13 aslark
substituent; _ (vi) an aryl oup_ or, heter.oaryl oup_havi a. ...
het er ocycl i ¢Cgro nr?a\?fol;’férag i?‘rrbed%thraglt g:rﬁr‘g:s%g gfﬁa?ﬁe‘ﬁﬁ%fgﬂﬁt@rwlng
at om andsbongiedl é:0c&m @ity | plghtosih SmIetSF S15d ¥t 1 gé oo yﬂl@r@@@cﬂh?r@gen
atomas a substituent; or 21 (vii) an aryl group or heteroaryl
group havi ngiPeE & & FRE et &%&HEﬁs@@%%%’é%%y%ﬂ@@ﬁmﬁ?%ﬁW
is a heterocyohicn HQUR( N, t MR (U0 LeRdansefhiiiih an aromatic
hydr ocarbon ring or aromatic heterocyclic ring. 5A though the

posi tions amsb}ftadcontbioring suibsititusnt sseldsted uffory tihe grghp

groups in (iv). to (M1)are. not particula dimted, exhibi t .
excel | ent phcoc%%sc Sftt()lr%rll %)Ogr%%%? igexgunWh%;lﬂi{yfikéﬁéPyﬁ’r%lﬁ%u6519(50"3’ ﬂ}ﬁ%’ hio
group, bbe pAsiup omadfodihe1sist ioep! ¢gcBopUSY1tRlo Afrdil, arylthio
4-position, and the nunber of substituents in this case is preferably
1. Pref er r e pPEsLBF T ARY ¥t {1 FRIE nc PuBBr 2nFRe AERHRAE hvdams
4- met hoxy phenydo a0ty ki iTRIROMRNGIM 4 Olpho 4:ils RERRCKyRheny
group, 4-(N, N-di net hyl am no) phenyl group, 15

4- (N, N- di et Ipdssiii o) phedds dresup  unki(dNIN- diTise ajpoans sulositetyendr oup,
4- nor phol i nQp rou 4-pl peri dinophenyl. gro _ s
3- (N, N-di met n;{ﬁ:g‘%/nunc%cgﬁglﬁﬁ tg(r%oéﬁgoasn%fon a\fld/%r ¥Be 7 position of the
4- (2, 6-dimetgyapi perrho timep ey lbeg reaingp 132 QA fdhangh tdheasgposi tions and
total nunber of substituents substituting the heteroaryl groups in
(iv) to (vii PREfHECHE Mg SU8F5THEEd, Rere MaiiG” of £t he

substi t uent %és%rﬁ&:ﬁﬁ%frﬁ@Is}’s&bs@dﬁrﬁﬂf%i@é%”@kQ:Shﬁ shiiguhelereanying
group include 4-n€ethoxythienyl group,” 25 4-(N, N-di net hyl am no)t hi enyl
group, 4- netswmpsttiitpdendr.oup, 4- (N, N-di et hyl ami no) furyl group,

4- (N, N- di phenyl am no) t hi enyl group, 4-norpholinopyrrolinyl group,

6- pi peri di nobenzot hi enyl group and 6- (N, N-di net hyl am no) benzof ur anyl
group. 30 <RR'aaddR&> R7 and R8 are each independently a
hydrogen atom hydgoxyl group, alkyl group, hal ¢al kyl group, . .
cycl oal kyl group, Ral v jPﬁhﬁFyaPR%%V5FF§1CBWB&B?tFBPﬁyﬁlgrdﬂﬁﬂ apgl

{iii) as described above.
When R! and R? are the combination (i), there is obtained

the chromene compound of the present invention which is



Exarpl es of the above al kyl group, hal oal kyl group, 5 cycl oal kyl
group, al koxy group, alkyl carbonyl group, al koxycarbonyl group,

“hal ogen atom aral kyl group, aral koxy group, aryloxy group and aryl
group are the sane as those enunerated for R8 and R4. Preferred
exanpl es of the above al koxyal kyl group X0 include nethoxynet hyl
group, nethoxyethyl group, nethoxyn-propyl group, nmethoxyn-butyl
group, et hoxjerhyfugrsll 2ferlerichohasr 8pyls gl lent in dwbiﬁopeﬁsk
may form an ahhphatieiLiig Badi 86:apl 0120 LhAONOEMDEL: car ban abors,
condensed poly-ring having an aromatic ring or aronafic hetero
ri ng condensedlovathenafluphat ithe pogithendmy pifnghbasbagrBtion2€ndi any
menber atons r__condensed ly-rin avin romati.c_.rin r .

oy onat i ¢ het b L BT GEAEBE T Heders s IO B RaTHP
13- posi tison garHenl asenut Biyhi £4d{gagde&8§. bond. 20Exanpl es of the

above aliphatic ring include cyclopentane ring, cyclohexane ring,

cycl ooct ane ring, ¥RT dheFteh& r #KG, ther Bemkanatipag,(1b) cyEh6HBNARe
ring and ad AL o) =Gl i
romati c i oo PBEa Erstehromens conbiiaE0 TR A LR Ith A
ring is, forisxemptecubaphenastidbvbmeinittigat it is Eeargplleniofin hibuble
above hetero_ri.ng .include thipophen ing,.furane ri.n nd .pyri.dine, -
no. Exanp REb ARG ER L et Y R Forhhy T S avorbarat
ring or 1ar on@gdlsrdei 6f aid tH ¢eRrAeBSEd ibaihhecdbeMe NBEEFP:1bNGnd at
i ncl ude phenyl furan ring and bi phenylthi ophene ring. <particularly
preferred RA a¥RPFBwayalength rangethe present invention, preferred
substituents of Riathd fhent@cid RMdDXRL AdiiihardldY | 1 95 PR lre
al koxy group, or forma ring together wth the 13-position carbon

at om bonded isheristaineth theamplremefet hempbipt gF otlpe i sramity |17 egriciugm
and an exanmpl.e. af the al kox roup is t hoxy _group. .o red .
i tial col OPETor ByPTHer KT ot AHHALE | Har BaSe 1 hef ot v Lt
whi | e rekai Mg e ghe 4o Ut £r ook thad @cded | ShrgLhi Bubpgtaddad s DicRie
and R8 preferaply forma ring together with the 13 -posit ion carbon

at om bonded Hettb COHCIBTOHAEFeFaFYS TRyCFbrmathéheggrehromism.
aliphatic ring or fteneoiSnsedmBehYtibRg PAYI NG 13N AROMEL C, kP r&ﬂﬁ%
aromatic hetero ring condensed to the above aliphatic ring fromthe
vi ewpoi nt ofid aceehsthfueht Hedlad topbkd. 6 Rerg i tidmidayboneétombdf the
they formthe ahov | i.phatic.ring:fromthe 15 vi Qi.nt _of .re i
initial col (?ryaﬁa}rbnsqeb%a/l%ﬁoenr TOC roorm'qzsmW L 18 aTﬁél%inlﬁﬁgfli%c bl’ol 4
formed by Ritland/ Ribd it ipal tdsptaar latdgu efferald pyaamorskdlsiddnutzed/is a
al i phatic hydrocarbon ring or an aliphatic hydrocarbon ring having at
| east one sURBtHHUSRNM SEIEA S E U T4 tgr S TR FRR
group, hal odddidi 40 iy 8¥Prh LY EledUEY | 2 9K98PHi 8! 9594BxyATKIA thio
group, aral kyl group,” aryl group and hal bgen  atom anpl es of “t he

al kyl gr oup gtairoakhkybagkydphioyeroab k ¢y ot @apky bt kbx ywrpupup araditid o
group, aral rQu ryl_ ar and hal ggen atom are the sane as
those enunerate f%éaFé?%ﬁﬁé%ﬁ?ﬂ%fgﬁbﬁgxﬁggferred exanpl es i ncl ude
mono-rings such agheyabokrexabeylthfo gychpord givefidiidplandn alkylthio
cycl oheptane ring, bicyclo rings such as norbornane ring and

bi cycl ononaf& FEnGaVEREcY A% 6 rFHIRCR RAPTS adAREREERE FFHER L8R PT thEs

obt ai ned by ;3488\ gRGUBNYnENEI8 md LG EL K1 B Ao thRATHh NG rbApeT
30 al kyl gr gu%@ﬁ“avilng% (L)l? I%ss. carr%oir?%t%rrs %E%ﬁypas rir:ehi‘i%yl lgrgfup.\ﬁe'\
Qut of thes&-pProwy-ltihigsgpeaduceapysantlBulagpupx gel il Bffegroipem
t he vi ewpoi of I I .hitial | or at ] by thernochrom sm while

r et ai ni ng hlrg"{;eﬁ %)(T)lutgflqg%ﬂe%gllg%%r %(I:jtdg(r%‘l S u?té}lgcrr%&% 4%’51? fadi ng speed.

24 30 In the phesabbvienw@Rbikgalkgashipr efreiped st yRietalra®gmpines
of the nmono-ring farmed by bondi ng together R7 and R8 are represented
by the foll mg%ﬂwﬂf&yl? PAVERE t oFP RuiSGTFRIB AHORS, 2PReSEREBSHUAESM

by an alkoxy group having 1 to 3 carbon atoms. Preferred
examples of the alkoxyalkylthio group include
methoxymethylthio group, methoxyethylthio group, methoxy



That is, a chronene conpound represented by the follow ng fornula (5)
is preferred. (5) (R3)a R15 In the above fornmula, R2, R4, R5,
"R6, R7, R8, "a" and "b" are as defined in the above formula (2), R2
is the sane as R2 of the conbination (iii) in the above formula (1),
that 5 is, thiol group, alkylthio group,1@l koxyal kylthi o group,

hal oal kyl t hi o group, cycloal kylthio group, arylthio group or

het er oar y| t HF PEPRYHENERJIROEL | smehheXdcir Bt dbhdEC g¥BoWP havi ng a

Hanmett cons f . 50 =0 PHPSi g8 j as Rl
of the corrbiérgtﬁ%}éﬁ@?%ﬁﬂjf% %%(gu%b%l\?% ?&%%%%gﬁf% 18 éggﬁfomsne
conpound repr esentBte @Apdvee hadlbladWiyilghfior pubap( 63 psebdsablby efreralédrl
Si In the above formula, R2, R4, R5, R7,. R8, "a' and.15 "h" ar.e
25 deti ned 1970 BATITE } GEnEI ARy 2Eons Shg Shep RS pie Rl e
conbi nat son 4dnl, idhidie rabavenf 6f Micnids atidrat bserbbiel &fHMPles of
al kyl thi o group, al koxyal kylthio group, hal oal kylthio group, .

cycl oal kyl t Hit® drd@r Laritin grgupupnes uAet BF bRFYPEPI- ¥ bitbl o sHPuRLe

is an 20 el peolglale V] "E?‘ﬁi@f -0.50
to -0.01 ou?&% the gr o%%{g de?#ﬁe% asﬁ'RZ o) t%%ém%?%&%gi) in

t he above farmhloldgthyRehR3, giRdyp Rend Reyoikime Reyltial'o agudoti.’ in the
above formulas ( an 6) are as.defined in the above formula (2).
A a matter of coure e SHASIIES SRR PR A the
same asibhoss ErsyBaated o jridie BhoYAgl PriBtilsackZ2bon HM¥ond). t he-caRORA
formula (5) and 121 in the above formula (6) are_each independently

a thiol groxanRligs PhitherBapoaikkdkarigraun sngledp cvisdiopziopyiithiie

group, cycl t hl UR, vl thi r | 1.0l p.
Exanpl es of %ﬁ%}éﬂé gr}r}%u%s ar el‘:tqf?/eCjJ séa%%l Eg's tiﬂo%ep %ﬁ%%%% 1?&01?9 %Ig&l
above 10 suldwal-adoneltliig eudigidi tuent. As a matter of course,
preferred exanpl es,.of these ar he sane _as those en rated far .the
above sul fur-cont g['lhﬁi Ogl?oéatriyﬁt} © group ﬁ?ﬁ%%ﬁ%@b% afréaTﬁhje?
(5) andifeb grmigherzahioue  adul @ dfod eatedaael r weti@wédgé&ua%m@vidfg
a Hammett constant ag_lS of -0.50 to -0.01_out of the groups defined
as R of th&hSoABYREELEEYPER LN UdsePEBBY &LRAPHANGIR 1) -Ba@hshy Lshio
t he groups A REd P R Lt ggygﬂgggj n (ii) in the above fornula
(1), respecgﬁiéﬁﬁ. V%enbé#%Rl and RTb6 a#g t he above el ectron donor
groups, an excel | 8ine efbfoyet hies eglvpaiyddd iR @rTive Hempeef egeddtyast up
is defined based on.t Hammet t .equatign_that guantifies the electric
effect of altitciryanhinerb ety &6 a2 pERBRh A n Ere Basrd
of the 2o ssexagiplen e sitanthdterefaryrl tHilks tadadiied leanen chcig:1thio
substituent having a Hammett constant up of Q is a hydrogen atom, 25
R 5 in the S56V® f HFIENLS) PR YL alye Y @3¥wIBY (i6ly Lo

particul arl ypyef enall el ieh 1M 140 R 0 W RAVIAA thiWP HowurD.30 to
-0.01. Whenthe chronene conpound has an el ectron donor group which
satisfies thbeazopygarolivldéhdousiroupeak characteristic can be
intensified while.initial. ol.-oratjion.i.s _suppressed.

Evampi s of the oPBatFeatalnoiearaaEhhasPRs” abBrtirils 1y pretsrahly
and represenhedt by oRiShyacbyee aalomghat icadrebe ey abbvegBtithimyirbgpa
ring nenber nitrogen atom and bonded to the benzene ri ngta]:o whi ch t he

al i phatic 22dnEhe r FRYEE i FHRAF Wit FreUPhBay be s o ety a8
mor phol i no Q1240 HPup i) 1t KR HHOHPSME G ﬁ?kgﬁﬂzw(}gﬁﬁk}@ng
(ap. -0.28), ethoxygroup (ap. -0.21) andpropoxygroup (up = -0.26),

al kyl groupé sach caghast hbmgr o Uea lky 1 grou® baMyngg? dup 8 gpreon
-0.13) and I oyp =_- , and cycl oal kyl groups such as
cycl ohexyl g%gﬁé’(gg % P%ﬁ%@fp gt%%l Exanpl es of the el ectron donor
group ewing a apasefthl. aBotre s(l@hrasdntapneagnteadsby tRéati nakhude
het erocyclic havi ng, a ring nmenber nitrogen atom.and bonded to

the 10 benz@ﬁggf'&gﬁgot%r%ﬁ’ BAVERE hEPr 68TPPRA I B A Witk q gEOUP

having 1 to 6 carbon atoms and substituted by an alkoxy group
having 1 to 3 carbon atoms, or a cycloalkylthio group having

3 to 8 carbon atoms is preferred from the viewpoints of



particularly preferred because bal ance between initial coloration and
doubl e peak characteristic beconmes excellent. Particularly preferred
“exanpl es of the group include al kaxy 30 groups such as nethoxy group
and et hoxy group, and aliphatic heterocyg%lc groups having a ring
menber nitrogen atom and bonded to the benzene ring to which the

aliphatic helgepgyelng GoeuPSobelday! debifep! LhQYSSuBI OMpageh as

nor phol i no group fromthe abo pol nt ticularly
preferred ex@h@t@@t©f1$hecchm@nea@ucbmgoumdtlmlthelgrassum bwnvention

o 30" re e tE PR AP AT 00 CAS CoRiiar <SG T P GO 550

OCRs OCH3 Qs fédiepindi chéinbclionhgmme malma&our&) alihe 1 iR R up
conmpound of the present invention is 5 generally_existent as an
achr omat c, 1Il‘i“(g'%ﬁg yleltitofy er1rPey h%tcﬁ?seé’rif §013Y@1‘6?1]W%E]6B@ JTHP dragting

normal tenpeyfatyre @gﬂb&mm&@ %S%gﬁhe prot bﬁf of - aeeh- By {he

follow ng neans (1) to (3) ear nmagneti c
resonance speictwppanios (df 4mnvRasing e lohr mﬁme:aﬂordammct}i STk asurcdas

peaks based on .an.arQ t|c r.ot on and, an ken roIo a earﬁg{ 8 o
around 5.0 Y CIFRS rﬁf é%%lﬁagﬁﬁtbﬁu?ﬁﬁ pﬁ%? &Y ex¥ed

group and are:dngyleNerotiosde appedt dhcBudd meteyNdhiOgteud, @tpRMtHBY:
Conparlng trg?ﬁ%p and cyclohexylthio group.

A thiol group or a haloalkylthio group having 1 to 6
carbon atoms is preferred from the viewpoints of increasing
the fading speed and reducing initial coloration by
thermochromism. Further, a haloalkylthio group having 1 to

15 6 carbon atoms is particularly preferred. More specifically,
a trifluoromethylthio group is particularly preferred.

In the above combination (ii), R? is a hydrogen atom,
hydroxyl group, alkyl group, haloalkyl group, cycloalkyl
group, alkoxy group, amino group, heterocyclic group having

20 a ring member nitrogen atom and bonded to the benzene ring
to which the heterocyclic group bonds via the nitrogen atom,
¢yvano group, nitro group, formyl group, hydroxycarbonyl
group, alkylcarbonyl group, alkoxycarbonyl group, halogen
atom, aralkyl group, aralkoxy group, aryloxXy group or aryl

25 group.

The above alkyl group is preferably an alkyl group
having 1 to 6 carbon atoms. Preferred examples of the alkyl
group include methyl group, ethyl group, n-propyl group,
isopropyl group, n-butyl group, sec-butyl group, tert-butyl

30 group, pentyl group and hexyl group.

The above haloalkyl group is preferably an alkyl group
having 1 to 6 carbon atoms and substituted by a fluorine atom,
chlorine atom or bromine atom. Preferred examples of the

haloalkyl group include trifluoromethyl group,



15spectral intensities relatively, the nunber of the protons of bonds
can be known. (2) The conposition of a correspondi ng product can be
“determ ned by elenental analysis. (3) Wen the 13C nucl ear nmagnetic
resonance spectrum 20(13C- NVR) of the ch{ mene conpound i s measured,
a peak based on the carbon of an aromati ¢ hydrocarbon group 30

PR oy orftraroibfode lg)(i?of around&g%rkf% gg%%”ﬁ SR

al kene and al ki ne appear pm and peaks
based on thegtgmmomddﬁrgrnoraﬂéklwlggwlppand an al kyl ene group appear

at 5 of around 20 < ction chro onp
The production pr o@%e%s?%of th dﬁagggneg %"%R)olusnargge IejS reséfncfdlOalky:L

i nvention i sghohp partimuBatd 8 bafbbadatang. arpralfrnad beanplpeosethe
may be errpl Oézd The chronene co@rg)ound represented by the above

formul a £1) CanPRliagl SRCHEHTUSH YD FYaLERIOPY ST e FEC 1 BHUEKE group,

foll ow ng progesSpentyl dpadnd Seyd 1¥6n p%, gompound can be
advant ageously pro%rlljc%d %yo rlgacrtll n(gzg a napht hol conpound represented

by the 15 fol | ow righed edmviea &l kKpxwi gloappt sppr gferab &ty ol acldmmumroup

represented t he .foll for.nu ( |n th esence of

catal yst. 7@% Agar € 60éé\gln%v\ﬁeartel rfaRl% %%ﬁa Ig;e IQ% tﬁ%‘aal}r?d{y
"b" are as defduredn2Qude mBEhath@réwmétaloé@ grbubS)n@kcﬁng@
and R8 are as defined in the abagve fornmula (2) The reaction ratlo

of the AEpht}RAPCRPFOURFTE 1 He- Proar GO c otRl - %?ﬁ)’@(lr%lr‘?‘ép and

sel ected fraoma Whdekp %ggenerally 1:10 to 10:1 (nolar ratio) . As
the acid catalyst is used 25 sulfuric acid, benzenesul fonic acid,

p- t ol uenesul f oni c T dhbBE Gmides drauningy. bﬁh@ Foiidhagat @myigto igyawpad

el ot or e oo Ml R 3 s, A S having

wei ght of the t%ot orrpoun the pro
al cohol corrmowﬁ.d:st'l“:ttmarzﬁact Esanipdrpeodt the |s$1b&|t&1’te:reaﬂtl wf0 the: 2@0Go 5
and an aprotic or nlc olvelﬁ'; such as N-matkr%t[p rrolldone di et hyl

formani 48, tFFEhy En A8 R A G OrFHADIZEARd as
the sol vent -halha el cgekcmf MEHg ng ddes REpduG aPéBn?é ned khrpughnihe

above reaction is not particularly limted. For exanple, the "obtained
product nmay hPOflmg guiticf Pedabonartgnnag evieledlkrh @mumdkamﬂg 3 to 7

purification,and 34‘%% 3% 415 t 14N thol o
conpound represente thgﬂ{'}b e orrrulg{b( S provided as a Fhove

conmpound by Hdt@m:m@dntgnm;&ﬂtamg l4n tchel 4 a:ran]jan (a7r)qmst hePreferred

definitions of R2, R2, R4, R7, R8, 15 "a" and "b" are th ane as
o e 200y RO IO Ae Fhalel o & A Anpao Frist BEa L I amirRe
above expl argidugn aﬁmbhﬁyﬁammbagfé’ﬁpl Sethhy Bahd o pRfuddie thiesfine

groups and parts. the present invention, preferre

exanpl es of qnwmonk@mﬁwl%m ansh K dahanat By nch @EBHUl a (7)
are the fo'lom‘ngP9%%29¥Q95exam§§@§ ofogﬁé above heterocyclic group

having a ring member nitrogen atom and bonded to the benzene
25 ring to which the heterocyclic group bonds via the nitrogen
atom include aliphatic heterocyclic groups such as
morpholino group, piperidino group, pyrrolidinyl group,
piperazino group and N-methylpiperazino group, and aromatic
heterocyclic groups such as indolinyl group.
30 Preferred examples of the above alkylcarbonyl group
include acetyl group and ethylcarbonyl group.
Preferred examples of the above alkoxycarbonyl group
include methoxycarbonyl group and ethoxycarbonyl group.

Examples of the halogen atom are fluorine atom,



Ordi‘nary napht hol conpounds can be synthesized in accordance with
reacti on nethods described in, for exanple, research papers such as
“Journal of Organic Chemstry 5 69(10)3282-3293; 2004, Synthetic
Communi cations 23(16) 2241-2249 (1993) and W01/ 60881. (process of
synt heti zi ng napht hol conpound) 1Al t hough the process of
synt hesi zi ng the paphthol 10 coppound represented by the above
formula (7) FRLMBIEHAEPRBUIRFPYLRE nftEB, 2RE WP 3y hesi zed as

follows, for 33 %@Hb%ve%?&ﬂéﬁﬂ%r%ﬁ)%@réf@f&?ﬁ?ta%daﬂ(lk?@ c_:{roup
following formula (9) may be purchased as a comrercially avaiTable

product or negvbegsynthekl zearhas ezitoms t hédedldrsich gxEmdaaert $he
R2. R2 "a"_are as _define above

(RBYa R1 (9 R1 . a in.th

formil  (2) TR b S eaa8 » el tatihh o rativl 49D Y.
fol |l owi ng f aslethdBpAdBa) @nshiyg 1Gh)eralbbeyDugehas ethdsndPhthylmethyl
commercially avail abl e products. OCH3 (10a) SCH3 SCH3 CI (10b)

For exanpl e, 9%°#%&nzene conpound represented by the followi ng fornul a

(11) can be syntheg{zedhde aeGONdRRE MWD & NHActd b Bt h ralkoxy
described in research papers such as 150"ganonetallics.” 8. (5).
1303-1308; 198%p SEHELIRCHB to 11 gaxeempotens epfesderathexamples of

follow ng farmla 2)..1s_ohtained by reacti the compound (9) with
e&/eb fc%{ i

acid chlori ehe(F?ZIran HIrd a5 TeT T hed T The above fof hul a (2)).

34 10 napHthyleierhone gieugosi tions of substituents of Rl and
R2 in the obtained _naphthol conmpound of the formula (7) , a benzene
conmpound of the fdtRuREOYTE)RMF GOy H8RIGESTRE 1 RE FHHEXRFFOUP

degrees of Q{a@@j?r{gf:rh donatd N AR idooml . e eFehslldl ¥eRnAEAURTF ithe
preferably used. For exanple, to synthesize a naphthol cConpound in
whi ch 121 arryRD0x% grone Sunduds poenyd ogynprowp engdsngiplat hykexylgeouphe

ram ul . cont e pg Sy UEDLE) 1o LOESEROEEDPORURL,A0 00,00

is pre synthesi Ze“a
conmpoundsi n eMiicch4 Rlatison ssidnst | t Betrif dravddngxhinghes ef eclie anryeloraichufg

ability thalr}]éﬁuq{guhe benzene conpound OL Ehe for rrulda (10a) .is
preferably UGe PRERY L R UWRynLABEPRENY L FfHh 8P oY h SRR8n
These aralkyl group, aralkoxy group, aryloxy group and
aryl group may be obtained by substituting 1 to 7 hydrogen
atoms, particularly preferably 1 to 4 hydrogen atoms of a
20 benzene ring or a naphthalene ring by the above hydroxyl group,
alkyl group, haloalkyl group, cycloalkyl group, alkoxy group,
amino group, heterocyclic group, cyano group, nitro group,
formyl group, hydroxycarbonyl group, alkylcarbonyl group,
alkoxycarbonyl group or halogen atom.
25 When R? is a hydroxyl group, alkyl group, cycloalkyl
group, alkoxy group, amino group, heterocyclic group having
a ring member nitrogen atom and bonded to the benzene ring
to which the heterocyclic group bonds via the nitrogen atom,
aralkyl group, aralkoxy group, aryloxy group or aryl group,
30 the double peak characteristic becomes higher than when R?
is a group other than these. Out of these, R? is preferably
a hydroxyl group, alkoxy group, aminb group, heterocyclic
group having a ring member nitrogen atom and bonded to a

benzene ring bonded thereto via the nitrogen atom or aryloxy



15 is a substituent having | ower el ectron donating ability than
R2, a compound represented by the fornmula (12) is first produced by
usi ng the benzene conpound of the above fornula (10a) . Then, in the
subsequent step after the production of the conmpound of the formula
(12) , a chlorine atomshould 20 be convkfted into desired R2 by
using a Suchwal d-Hartw g cross-coupling reaction, A conpound
repr esent ed HyOeReLFOMI anﬁl$W%PES(Q§ JnFEedbiag ndebie cagrli ng
out the Stob j d cl.i [ t t ;
conpound (12‘?&?£§§%élf%&t:%g %Igér{rp%‘lﬁ%lg}o %%‘gg%o(?%qu?glt'}(l%??agg?{gc%n%r oup
derived fronimaidiadterlconpoomdoyseosiniomnEt dhebsagtiom &k at a

d (13).is th drol yzed b iny | kal.i i d. to.opbtai
e boxy! | SBeTE Y LHRAE BRIt he ool ST PHers gk an
(R4) (14p OhIBBty &RrodbiSrciaeboxyty€l a€i grbgp beazihat £dr byg Uusémigea

base such as potassium carbonate and benzyl chloride and then
hydrol yzed By tePFRE aFEM @G Rpndrd £ & dmMnasihe Wtk piast ddresgto

carboxylic qpigth%mﬁéﬁg}%gagﬁmt heydLd E%\%EQiEQ& | & }é)apartirﬁyl v

Thi s benzyl -protected carboxylic acid 1S converted into an am ne by “a
met hod such risefRrabhle & geetlamge nendup Hof morphebin@angermgnt or Lossen

rearrangenent, and,a .diazonium.,salt is prepared fromthe amine. This
diazoniumsalt is c%'{}éerjf’edu} Ekbe £H576m W J}ﬂ%i}gfﬂ" arQ@aﬁdngylerls a
reactionoor HyErdddieatand HpdtdeyDtraupsds Deplicdeups hebei By Wdrbup ,

magnesiumor lithiumto prepare an organic nmetal reagent. This
or gani ¢ et FYFERERL | TEPEac t TR PRt FHBLR@ Fedt il Ihahic

follow ng f L t i ) PR “i‘”c{%;te

mnutes to %%uﬁé@%ﬁt%ﬁ%a 1'(%()‘7rrlgf)§bnapd l?lrehpgroesenteg:d%g')}: t eI{ZSdrtO]Tp and
fol | owi ng f dranded (ty)the 3R RS (1B)g (1RY wniciReChe ealaiphietfimed i n

t he above fqr eIac)é 2% N ):_:T u T]Qe %oq;%ougg (1.7q)rise re%ct ed at_ 10 to
120C for 10 ‘M NUtes ]b 2IR6UPs U2 r & hett a5 a8 e ondit? ST
spironate t heitate ah@uso Bscnyil adig), hydmphithed rissigpouncygd, t he
above 5 formyla (7 interest. In the ahove reaction, the reaction

f
rati o of théldBe 13?% ITRMRY  FEEGEMATRPINe Kethe HERETERER by
the above fonmiha i ol 82088, H:ANABING A, M6 SR8, Pkamples

preferably selected Troma range of 1:10 to 10:"1 (rol7ar ratio) . The
reaction temderhe @rléylsgnoupr ddicaidliay 1 900up, TOCloaddyargepuet iadkoxy

organi c solv su .as. dj | _et.her., .tetr r I, Z .or
toluene is %hgr’aép"f%fsgg%&yt ﬁgl%gﬁa\}:én the%% gg’irclri&%gﬁrt%% o?lg%ﬁgg &
al cohol 2omat erirgf mentetr aibedyeal atomamd beor@id tonthe pEeiaiaing to
carried out - using an acid catal yst such as 15 aceti ¢ acid, ,

hydr ochl ori é“’lf'éﬁ Fh%li‘ilﬁ&)?ia&lgc‘il%?e %ﬁ¥%ﬁ%‘§l§#’lr1%lﬁ’i]%° Jlagkhe PaEregahy
oni ¢ aci d Orytafi,d AYAIdELcHA s atalyst ds yRfer USRA ddarpn
anount of 0.1 to 10H|£]rts l?y vvei%;ﬂht Egased OI’:IY 100 gtsﬁgyb\/\ei ght E!(;éf

t he al cohol afmemer ipxla lXFdr AP, s Bireddeuyo I oaPs ande ALY QEly g¥oRp out

tetrahydr of 'ﬂ)rfaglaeggnf]?@%ht ;agﬁnéuf%gtﬂqb euaggg\?ﬁlajr:gd(%%P%ZDI%%%{§¥£ove

al cohol conpound™represen above can

synt hes2z ed comlvdaaitdus, nEtilads. For exanple, it can be easily

synthesized by re%gteinngl aiskeat gr%ro?;cgl group, alkyl group, cycloalkyl
group, alkoxy group, amino group, aliphatic heterocyclic
group having a ring member nitrogen atom and bonded to the
benzene ring to which the aliphatic heterocyclic group bonds

30 wvia the nitrogen atom, aralkyl group, aralkoxy group or

aryloxy group, the double peak characteristic becomes higher
than when R! ig a group other than these. Out of these, Rr?
is preferably a hydroxyl .group, alkoxy group, amino group,

heterocyclic group having a ring member nitrogen atom and



conpound corresponding to the above formula (8) with a netal

acetyl ene conpound such as lithium acetylide. The chronene conpound
of the present invention which is synthesized as descri bed above

di ssolves well in a 5 general -purpose organi c solvent such as

t ol uene, chl orof orm or tetrahydrofuran. en the chronmene conpound

ted b h b | 1) is di djn thi | vent
he. obt ai ned SBTSTI 7 11 GERARER 5 “RenBePaaanF BREEFE i Thartpd R
and has an exeehl &ptaphodeehgeshs fooettRe viekpdhhté Sevehepsading

col or sw ftl%@upon exposure to sunlight or ultraviolet radiation and
reversi bly réPWeHe PRAKtShHFIGr#al Sathr it Felay PRt 5oft tdenpity. It

bl ocki ng of f I I i | h%gagg r, QM
conmpound> 151 pﬁgbéﬁg%%%éc ro q%%i%gﬁ%%%n o) ?ﬁ%]%$%%§%€y?%%§n ?%P
devel ops5a coioin®fa zingutentber imitt vogert sebfm, and bveylede toseite ibenzene
conbi nati on wth anothe ot.ochrom c_conmpound to qQbtain varioys

col ors requitdF & ghﬂiﬁét gﬁﬁrkb%%r?@ﬁ%.l%%f%%%%ﬁn anﬁb%n?‘?r%#ﬂ?é’gen
used as the sk ochorisc éﬁQiﬂinafl@rZ.@r - ¥R IR Rechadhiohy Braiay ex of
t he phot ochrom c conpound include ful gi de, ful gimde, spirooxazine
and chr omendlOXRRCHING HEEBP a chronene conpound is particularly
preferred because it can keep a color uniformy at the time of color
devel opnment and fadi ng, can suppress a color shift at the 25 tine of
col or dével oppmsfedkas tahtdwerdet@mmratdon of phot ochrom c properties

d furth d initial | tion. That i b .
conbini ng the chr S COTpTRTENEPS (RSB (5ot PER O3 SRR

chronene conpetremehkCiomosurdd ripih (elteid BeUHOpBRNbwSaESf divhly (29
hi gh fading speed and little initial coloration |like the above

chronene corfoltEE e TRtbidt Ao ey Cfo st [ABPTMAcH Re¥SEad &gy and

uni formy at 14 f . dev Qggﬁy f adi - §

hi gh transpahrateérql%/ldckgﬁccgleorggjtﬁaglnﬁ G\Ci38 T 'p%\%ldqg‘ghﬂlﬁl%a s%ée/lc% cejcﬁgiy,
t he chr dfenexseipeuid durdid lddnbiofe dhwttdrprafier abtopdrdsi es .
transmttance by therngchrom smof not |ess than 75 % and an
absorption end g N _Ultraviolet absorption curve at 380 to 430 nm
Further, 5 a ch phe ound having a transm ttance by

t her nochr oni(®7 o g han 85 % and an absorption end of an

ul travi ol et absorpti rvelars380 to 420 nmis particularly
preferred, and a chpom rpound having@a transm ttance by

t her nochr om sm of pan 88 96 and an absorption end 10 of an
ul travi ol et absorpt curve at 380 to 410 nmis nost preferred. The
transnittance by thefnotRikoni sm and the absorption end of the

ul traviol et absorptiBh curve are val ues neasured by nethods descri bed
in the follow ng exanplbstiftese ¢f efles rdd-antermTedapoaRdoragsetenbed
conbined with 15 include chronmene _conpqunds represented by the

fol | owi ng f S¥mhigs 2PPEE) fargudesdy) wWild &% dgsGFdPes-nul a (18a) |,

R3, R4, Rs, Rs, 7 P and R8 20 are as defined in the above formula (2)
, and R17 is a hydrogen atom hydroxyl group, alkyl group, hal oalkyl
group, cyclsﬁfk@ﬂngdup, al koxy group, am no group, heterocyclic 39
gr oup ing a ripg £ i t e nze

ring tgﬁ\y/\hi ch t heﬂhg@gcéggiié é&%ggﬁl%bd.;%g}\% ggpﬁgd%éﬁ%gaen(qit‘omwﬁen
cyano gr oupR!nind ®R*gaeepthé orombigaoipn hydr ®yeadbRhylaygbeuphe same
al kyl car bonyl group, al koxycarbonyl 5 group, hal ogen atom aral kyl
group, aral?SxalgﬁSESPtaryloxy group or aryl group. Specific exanples
of the chronene conpound of the above fornula (18a) are the sane as
conmpounds enugerated in a panphlet of International Laid-Open

'W2001/ 6081%R° 19 Rire above fornmula (18b) , R3, re, R6 and R6 are as

i ndeperfibnt |y an tniegar oo 6ok 88enferele e R Btef B pbinehe

group, haloalkyl group, cycloalkyl group, alkoxy group,

amino group, heterocyclic group having a ring member nitrogen

atom and bonded to the benzene ring to which the heterocyclic



30 nononers which provide the coating film In the case of a thick
cured material (having a thickness of 1 mmor nore, for exanple). ,
the color should be controlled by using 0.001 to 0.5 part by nmass of
t he chronene conpound of the present invention and 0.001 to 0.5 part
by mass of another chronmene 40 conpoundlbased on 100 parts by mass

of the thick cured nmaterial or gll of the pol ymeri zabl e nononers
whi ch provi d%r?%%%%vear%lae ratEOgsn ago‘?\stémq FEPYPe PELESHH C_HkRjr

Wit h) £fAHhPoUgRolhe M%W %&jp t henpresafion v @tdgh

has high durability as it i, can be further “enhancéd
by using t heaiobxyodnigonyl v ehadbgenbainn, eaeiléyl graupl iafwrlkaxy

anti oxi dant. he raviole b y be used known

ul traviol et %ﬁ%%ébé%%glé%%ﬁgégg é%%g%%g%dﬁgé%gzed conmpounds,

benzotri &zol e - baswte cinpotindsky e yarmacrid girve tamionds; alkyl group
triazi ne-based conpounds and benzoat e- based conpounds.

Cyanoacryl at®@¥Hed E8np L AECBE Nz PR HOTES D £SEFPIS S Bhplotn s Kare
particul arl ygR4 e:[ﬁ@ﬂudé/\y}ﬁ‘é‘tﬁgf@ %*Rﬁ)ﬁ? %Elﬁyﬁl/idﬂ@ﬁp,s'fﬁ%i—&ﬁﬁ dBomsed
S nass base

in an anount” of '0.001 to 5 par on 100 part’s by nass
of the totalisfpdpyl lsaeoy® yrebilkyb|E gimoFecs biugaLudiroigp t he rhiarahle

conpound of r in o) i d an effect. Known 20 -

hi ndered ami %%%uﬁh&?%gé%ise#@sé t%éd o%%ﬁglé%%%%i lizer, and known

hi nder edophenol s Mmhdhabusedchakod ey Artrioan flanire iherbihenabiregl group
optical stahilizer _and antioxidant are_each uysed in an unt of 0.01
to 10 partsblwfjr%% ‘b%ée‘aa’é%oﬂééoﬁ‘érﬁ%dwiﬂ%%ﬁ qﬁfﬁ@rb@eaqom,

the pol ymer i zai 8 ADNOIEH Sox Totkdted ridi bk he pelrerBeeg conpiReG off the
present invention, they produce an effect. (use of chronmene conpound>

The chr onenér@&pdiind dfouthelprlasdanttyifdamyore gy exdreiRs the same

hot och X ) ! X T
bt ot L TR U i PUNTR o B 2TeR 1R LR
t he pregént gmwentdmsh maomdyes oy arudup di spersed therein. Optically
referred exanpl es_of {he pol r.solid matrix inc¢clude.thernopl asti
PRI e N S P B A R T S 0 AR ge i b
pol ynet hacr yhahe nathvly paly gethassy | atdns POPYEiALheRe, examples of the

pol yacrylonitrile, polyvinyl alcohol, folyacr l-am de,
pol y( 2- hydr skt arenly|iacddescyel BT aBY harsiuroxayiel apdty L group,

pol ycar bonat l%gg i resi i,hed by pol yneri zing

a radically ojﬁﬁggp?gble 6%?3?%%éﬁ%ﬁﬁgﬁbﬁghgﬂéghﬁhybe used as the

above pabyner nat Mihe aBoampbékory gheup als galrd fepob e zdlkoecy group

pol yfuncti onal. .mon r incl.ude polyacryliec 10 gcid and

bol yrret hacr yITE LT & 8t - RINAE TS SHERT S5 BRI 9Edine alkoxy

di acryl ate, icgihyhenaqag! Iﬁ@’@ﬂloﬂ%’ RRRST ¥kabey &Fbeb ) -gher@e otroup,
g

di met hacryl ate, tetraethyl ene glycol dinethacrylate, ethylene glyco
bi sgl yci dyl ifsEHEBOHYatE OUs s phétioxK @bfdtthadiSA dtutoxys group and

2,2-big(4-nﬁ%#yyuBGEgg Xyphenyl ) propane and
2, 2-bis(3, 5- |bronD-4}ﬁ§%ﬁ%§fyloyloxyethoxyphenyl)propan e; polyallyl
conpoungs such as Tikeaklbpiephmiabageoudi ablyybet er pphtmbalvabaind gitbyp,

i sophthalate, diallyl tartarate, diallyl isuccinate, diallyl
fumarate, diod FyFESGRORTS: SNGREe 708! ) ShexapRtnarars, 9aCapl Jrving

carbonate, al lgvbstiighites!. cakhapake andchei gabbhyhelphepafethei akbkiyb
car bonate; pol ythioacrylic _acid and pol ythi omet hacrylic acid ester

conpounds s @WURs 11Ky AlHa dEPLsy PeRiid%ethdite 6 ZRrbon atoms,

bis(2-acryl gyhtAhgehhyldethel@dd 1 to 6 carbon at 1k

1, 4- bi s( et actrc{%] %?I[t irom%{]hﬁ ) nzeneo; accrafl ioél aaciogse'staer Oé%/m%:l?#gs

and nethacr ylaivdngceildtes 6 ecatloopatmiss s unhe bsa gyl iglydwe g 3 to 7

gl ycidyl net hacryl ate, 13-nethyl gl ycidyl. nethacryl ate,

D1 Sphenola RBRGHFy GEayEe: REVIngERyP: PEAAES 50 T g4y RO tons and
heteroaryl group having 4 to 14 carbon atoms. Preferred

examples of the amino group include amino group, methylamino

group, dimethylamino group, ethylamino group, diethylamino



The*chronene conpound of the present invention can be used as a
photochrom c material in a wi de range of fields such as recording
materials as substitutes for silver halide photosensitive materials,
copy nmaterials, printing 43 photosensitive materials, recording
materials for cathode ray tubes, photoseh&itive materials for |asers

and photosensjtive nmaterjals for hol ography., Th hot ochrom ¢
material condr B e b e i A A e TR LS R vent i on
may be used as a pheiaolyoairct i asidve hevsrovyelialgram heslink 4tr@hg
material, display material, actinonmeter. or ornanent material.

For i nst anceleTpieh & GfTbAERR WHPOMIELFOt e Hessene Fadante ofiich
used in a pholoGQPERIBY iGN Bonks VOLT RO D Lo £ HQc1ude
performance 1s obtalned, the™ ens manufacturing nmethod 1s not
particul &arl ywliphaed: HEeepdesc bic tdrouns uch red veder@me! 1no wir ok a
pol ymer filmcontalini ng_the photochr.aom c.material_of the. present
Pvanti on Ul STy Spe BB R ePd AP AR ERPC R B GEh § SR gnd
one in whi chi-hfethel wivorennme grpu)dant 4 FEmPE £8 et drdedlan groups
di spersed into the above poﬂgnerizable nononers and t he pol yneri zabl e
nmononer s ar Wt AeriX R By b FHrARt er ni ned t echni que, and one in

whi ch the chromene, camowrf d:gnfH1830l0¢ed Hen a%olxi'ec%'iﬁ’cg@éavrbto?@l group
resulting solution is inpregnatéd into the surface 20 of a | éns "at
150 to 200C frorlue tayegqy vignaus  argh e tthel canldegel igrdup t her coat ed
with a curable subst e to obtain_a photochrom ¢ -l.ens., Further, one
' Which the aboversarymer FRATELEST o nett P iR AR ee o 58S
and t he surfiagadde eeaitegcydddbanydurgdg s teaeectaa BN group.
photochrom c 25 lens is al sq enpl oyed. A coati ng .agent
conposed of a pol YREMPZES &F citabifd OF6/MpGSHOM G e dnipraraiy e
chromene compoud f dihe Prifseiind TURRT 108 MR apRljed to the
surface of a lens substrate, and the coating film may be cured. At
this polht, the | &he IoovaEnalay. gupubel s Pjederad liyoan atirtkicle group
reat ment with ap, 3 kal ije agldit] an gl @ plasm. Lreatamps Lnogdygace.
and a priner nmay be further applied ¢ i nprove adhesion stwesn the
substrat e amatiherlc eatdurg ifridlimdey tearawi rgroatt, themiessurdmae,
treatment or without the surface treatnent. 44 Exa
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illustrating present invention but are in no 5 way to be taken as
limting. Exanple 1 1.0ﬁ&8(2.3 mol ) of the follow ng naphthol
conpound? (19) andTbegegoye. eranBPXYOHTPHE 6l PoRiCeyapdypang wradkesol

10 comound (20, yels 559q 10T ol of ueBpe 208 0,0¢218.05

p-tol uenesul aci urthera to the resa on
and stirredthiederaiéatiyngramng refludef denkylaxy. gifcugr arlde reaction,
t he solvent wa %gﬁnvggp and t he obtai ned product was purified on
silica gel B?P%g & r 8o obtain 1.2 g of a white powder

product. The yi el gnheadieon@sril o8 gréd )is%ﬁ%f'é@%li/mr(ya@xg 38&82

el emental analysis values of this product were 79.21 % of C,
of H amP 4. 62veBJof SowlArckawbra arepst chuafervedhexempéasapédthe

al ues of 4 : N 96- .y 9
When the pratotoRtrisee ERetbaindhvi Ry Srburdtng miprtni ol growo .
was neasured, 18HTheaksowmaeslardue isgbiyteraidl yemhyteherpngt basing
a tetranet hyl cyc)] ohexane ring were 5_seen.at 8 of around 1.0 to 3.0
o 1om pobkES LRI Rt PrRrRtERe brdns el I Mhesagveugtans
a net hoxy g&ﬁ@mua@r@ae&gepg&bug,oi-ﬁﬁgmdyﬁg?roh@ 4nd zpel@pr@m@ﬂ«gfbgﬁak
0

based on an aromatic proton and an al kene proton were seen at
around 3 6 to 9. 00RO FRAT FIAragieen atpEIS) 3PARLEFBARY A gpeeferably

resonance spegts i@ af. ﬂf&& QUG ‘@Péf'%?é EfGend 'é; ?5&?1 g on t

carbon of an aromatic r1ng %as Seen at OP argﬂnégg% PEG % & ppn?gg
of each of the above aralkyl group, aralkoxy group, aryloxy
group and aryl group may be substituted by the above hydroxyl
group, alkyl group, haloalkyl group, cycloalkyl group,



- OCH3 20 Exanples 2 to 5 Chr onmene conpounds shown in Table 1
(Exanmples 2 and 3) and Table 2 (Exanples 4 and 5) were synthesized in
the same manner as in Exanple 1. Wen the structures of the obtained
products were anal yzed by using the sane structure 25 checki ng neans
as in Exanple 1, it was confirned that they 46 were conpounds
represented by structural faormulas shown in Table 1 and Table 2. The

el ement al
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“a” is an integer of 0 to 2 and indicates the number
of R’ s. When “a” is 2, two R*' s may be the same or different.
“b” is an integer of 0 to 4 and indicates the number of R¥s.
When “b” is an integer of 2 to 4, a plurality of R* s may
be the same or different.

Particularly preferably, R® has a stereoscopically
small substituent as a high fading speed is obtained.
Therefore, particularly preferred R® is a hydrogen atom (Ya”
is 0).

Meanwhile, R* is preferably a hydrogen atom (“b” is 0),
haloalkyl group or cyano group as a high fading speed is
obtained, particularly preferably a hydrogen atom,
trifluoromethyl group or cyano group. R* is preferably
bonded to the ll-position carbon atom to obtain a higher
fading speed.

When a plurality of R* s and a plurality of R*' s are
existent, preferred R* s and R'’ s are the same as those

enumerated above.

<R’ and R®>

R® and R® are each independently a group represented
by the following formula (3), group represented by the
following formula (4), aryl group, heteroaryl group or alkyl

group.

+T=CH9;R9 G
R10

— 4
—{-C____c——)—n—R” )
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In the above formula (3), R® is an aryl group or
heteroaryl group. Examples of the aryl group are the same
as those enumerated for R® and R*. The heterocaryl group is
preferably a hetercaryl group having 4 to 12 carbon atoms.
Preferred examples of the hetercaryl group include thienyl
group, furyl group, pyrrolyl group, pyridyl group,
benzothienyl group, benzofuryl group and benzopyrrolyl
group .

R is a hydrogen atom, alkyl group or halogen atom.
Preferred examples of the alkyl group include methyl group,
ethyl group and propyl group. Examples of the halogen atom
are fluorine atom, chlorine atom, bromine atom and iodine
atom.

“m” is an integer of 1 to 3. From the viewpoint of the
acquisition of the raw material, “m” is preferably 1.

Preferred examples of the group represented by the
above formula (3) include phenyl-ethylenyl group,

(4- (N,N-dimethylamino)phenyl) -ethenyl group,
(4-morphoiinophenyl)~ethenyl group,

(4-piperidinophenyl) -ethenyl group,

(4 -methoxyphenyl) ~ethenyl group,

(2-methoxyphenyl) -ethenyl group, phenyl-1l-methylethenyl
group, (4-methoxyphenyl)-1l-methylethenyl group,
phenyl-1-fluoroethenyl group,

(4- (N,N, -dimethylamino) phenyl)} -1-fluocroethenyl group,
2-thienyl-ethenyl group, 2-furyl-ethenyl group,

2- (N-methyl)pyrrolinyl-ethenyl group,
2-benzothienyl-ethenyl group, 2-benzofuranyl-ethenyl group
and 2- (N-methyl)indolyl-ethenyl group.

In the above formula (4), R is an aryl group or
hetercaryl group. It is understood that these groups are
the same as R’. “n” is an integer of 1 to 3. From the
viewpoint of the easy acquisition of the raw material, “n”

is preferably 1.
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Preferred examples of the group represented by the

above formula (4) include phenyl-ethylinyl group,

(4- (N,N-dimethylamino)phenyl) -ethynyl group,

(4 -morpholinophenyl) -ethynyl group,

(4-piperidinophenyl) -ethynyl group,

(4-methoxyphenyl) ~ethynyl group, (4-methylphenyl)-ethynyl
group, (2-methoxyphenyl)-ethynyl group, 2-thienyl-ethynyl
group, 2-furyl-ethynyl group,

2- (N-methyl)pyrrolinyl-ethynyl group,
2-benzothienyl-ethyl group, 2-benzofuranyl-ethynyl group
and 2- (N-methyl) indolyl-ethynyl group,

Examples of the aryl group, heteroaryl group and alkyl
group represented by R® and R® are the same as those enumerated
for R}, R* and R°.

R° and R° may form an aliphatic hydrocarbon ring
together with the carbon atom to which R® and R® bond.

Preferred examples of the aliphatic hydrocarbon ring
include adamantane ring, bicyclononane ring, norbornane ring
and fluorene ring.

For the chromene compound of the above formula (2) to
exhibit excellent photochromic properties {double peak
characteristic and fading speed), at least one, preferably
both of the above R® and R® are preferably aryl groups or
heteroaryl groups. Further, at least one, preferably both
of R® and R® are particularly preferably any one of the groups
(iv) to (wvii):

(iv) an aryl group or heteroaryl group having an alkyl group
or alkoxy group as a substituent;

(v) an aryl group or heteroaryl group having an amino group
as a substituent;

(vi) an aryl group or heteroaryl group having a heterocyclic
group having a nitrogen atom as a ring member hetero atom
and bonded to an aryl group or heterocaryl group via the

nitrogen atom as a substituent; or
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(vii) an aryl group or hetercaryl group having, as a
substituent, a condensed heterocyclic group which is a
heterocyclic group in the above (vi}) condensed with an
aromatic hydrocarbon ring or aromatic heterocyclic ring.

Although the positions and total number of
substituents substituting the aryl groups in (iv) to (vii)
are not particularly limited, to exhibit excellent
photochromic properties, when the aryl group is a phenyl
group, the position of the substituent is 3-position or
4-position, and the number of substituents in this case is
preferably 1. Preferred examples of the aryl group include
4-methylphenyl group, 4-methoxyphenyl group,
3,4-dimethoxyphenyl group, 4-n-propoxyphenyl group,

4- (N,N-dimethylamino) phenyl group,
4-(N,N-diethylamine)phenyl group,

4- (N,N-diphenylamino)phenyl group, 4-morpholinophenyl
group, 4-piperidinophenyl group,
3-(N,N-dimethylamino)phenyl group and
4-(2,6-dimethylpiperidino)phenyl group.

Although the positions and total number of
substituents substituting the heteroaryl groups in (iv) to
(vii} are not particularly limited, the number of the
substituents is preferably 1. Preferred examples of the
hetercaryl group include 4-methoxythienyl group,

4- (N,N-dimethylamino) thienyl group, 4-methylfuryl group,
4-(N,N-diethylamino) furyl group,

4- (N,N-diphenylamino) thienyl group,
4-morpholinopyrrolinyl group, é-piperidinobenzothienyl

group and 6- (N,N-dimethylamino)benzofuranyl group.

<R? and R®>

R’ and R® are each independently a hydrogen atom,
hydroxyl group, alkyl group, haloalkyl group, cycloalkyl
group, alkoxy group, alkoxyalkyl group, formyl group,
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hydroxycarbonyl group, alkylcarbonyl group, alkoxycarbonyl
group, halogen atom, aralkyl group, aralkoxy group, aryloxy
group or aryl group.

Examples of the above alkyl group, haloalkyl group,
cycloalkyl group, alkoxy group, alkylcarbonyl group,
alkoxycarbonyl group, halogen atom, aralkyl group, aralkoxy
group, aryloxy group and aryl group are the same as those
enumerated for R® and R®.

Preferred examples of the above alkoxyalkyl group
include methoxymethyl group, methoxyethyl group,
methoxyn-propyl group, methoxyn-butyl group, ethoxyethyl
group and n-propoXypropyl group.

R’ and R® may form an aliphatic ring having 2 to 20 ring
member carbon atoms, condensed poly-ring having an aromatic
ring or aromatic hetero ring condensed to the aliphatic ring,
hetero ring having 3 to 20 ring member atoms, or condensed
poly-ring having an aromatic ring or aromatic hetero ring
condensed to the hetero ring, tcgether with the 13-position
carbon atom to which R’ and R® bond.

Examples of the above aliphatic ring include
cyclopentane ring, cyclohexane ring, cyclooctane ring,
cycloheptane ring, norbornane ring, bicyclononane ring and
adamantane ring.

The condensed poly-ring having an aromatic ring or
aromatic hetero ring condensed to the aliphatic ring is, for
example, a phenanthrene ring.

Examples of the above hetero ring include thiophene
ring, furane ring and pyridine ring.

Examples of the above condensed polY—ring having an
aromatic ring or aromatic hetero ring condensed to the above
hetero ring include phenylfuran ring and biphenylthiophene

ring.

<particularly preferred R’ and R%>
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In the present invention, preferred substituents of
R’ and R® are each a hydroxyl group, alkyl group or alkoxy
group, or form a ring together with the 13-position carbon
atom bonded thereto. An example of the alkyl group is methyl
group and an example of the alkoxy group is methoxy group.
To reduce initial coloration by thermochromism and increase
the fading speed while retaining high double peak
characteristic, substituents of R’ and R® preferably form a
ring together with the 13-position carbon atom bonded thereto.
More preferably, they form the above aliphatic ring or the
condensed poly-ring having an aromatic ring or aromatic
hetero ring condensed to the above aliphatic ring from the
viewpoint-of increasing the fading speed. Particularly
preferably, they form the above aliphatic ring from the
viewpoint of reducing initial coloration by thermochromism.

The aliphatic ring formed by R’ and R® is particularly
preferably a nonsubstituted aliphatic hydrocarbon ring or
an aliphatic hydrocarbon ring having at least one substituent
selected from the group consisting of alkyl group, haloalkyl
group, cycloalkyl group, alkoxy group, amino group, aralkyl
group, aryl group and halogen atom. Examples of the alkyl
group, halecalkyl group, cycloalkyl group, alkoxy group,
amino group, aralkyl group, aryl group and halogen atom are
the same as those enumerated for R*® and R*.

More preferred examples include mono-rings such as
cyclohexane ring, cyclooctane ring and cycloheptane ring,
biecyeclo rings such as norbornane ring and bicyclononane ring,
tricyclo rings such as adamantane ring, and rings obtained
by substituting any one of these rings by at least one lower
alkyl group having 4 or less carbon atoms such as methyl group.
Out of these, mono-rings produce a particularly excellent
effect from the viewpoint of reducing initial coloration by
thermochromism while retaining high double peak

characteristic and a high fading speed.
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“(eval uation of physical properties of photochromc plastic |ens
produced by coating nethod) The chronene conpound No. 1 obtained in
the above 5 Exanple 1 was mixed with a pifotopol ynerization initiator
and pol yneri zabl e ners, the resulting mxture a ied to_the
surface of a lens I&ﬁgzgier afg,segﬁd TEHRAS 'e@qﬁ%gmr%r%plq%qa&

pol yneri ze tdigngsiadd ’E thknméfot hengUrdaked ofy m;?ldﬁ@@’sté?‘éﬁhé@t R’ and
10As for a photochrom c curable conposition, a mxture of 50 parts by
mass of 2, 2-Bi 8- KEPKSSEPLEF bYy bast A6LRA6W:-pReAprPldsaneInibhpart s
by mass of &l hacr V. r i

of 532), 10%[%1?%5 mfe%s%%ﬁ%@ﬁd%}%c%%%%o%ﬁ%%%e%ggy ate,e
10 part s5by Ifegso=0ftigol yesthem clticgroner hexaacryl ate (EE- 1830 of

Dai cel UCB Co., Ltd.) and 10 parts by mass of glycidyl nethacrylate
as radically polynerizabl e nongners was used:
chronmene conpotmd i in Exanple 1 was\added 20
fully m xed
pol ymeri zabl™
1- hydr oxycycl
bi s( 2, 6- di mef hoXybenzoyl) -2, 4 ri met hyl - p€d8W phosphi ne oxidé
(weight ratio of 3:1)) as a 25 photopol ynerization initiator, 5 parts
by mass of bis(1,2,2,6,6-pentanethyl-4-piperidyl)sebacate as a
stabilizer, 3 parts by ss of -

te], 7 parts by ma
as a silane coupliy
N- et hyl di et hanol a
m xture to obtain af

Out of the above mono-rings, a cyclooctane ring and

a 3,3,5,5-tetramethylcyclcochexane ring are most preferred.

<particularly preferred chromene compound:

10 Out of the chromene compounds of the present invention,
a chromene compound of the above formula (1) in which R' and
R? are the combination (i), that is, both R* and R? are each
independently a group selected from thiol group, alkylthio
group, alkoxyalkylthio group, haloalkylthio group,

15 «cycloalkylthio group, arylthio group and heteroarylthio
group is particularly preferred from the viewpoint of high
double peak characteristic and high color optical density.
For the same reason, chromene compounds represented by the
following formulas (5) and (6} are also particularly

20 preferred.

That is, a chromene compound represented by the

following formula (5) is preferred.



Subsequently, about 2 g of the photochromic curable 51 conposition.
obt ai ned by the above nethod was applied to the surface of a |l ens
"substrate (CR39 : acrylic resin plastic lens; refractive index of
1.50) by using the 1H DX2 spin coater of M KASA Co., Ltd. This coated
lens was irradiated 5 with light of a netal halide | anp having an
output of 120 mWcnR in g nitrogen gas atnosphere for 3 mnutes to
cure the photochr e abl e conposition so as to produce an optica
article coated with regsépol yner filmcontaining the chronmene
conpound dingg = n (thickness of 10 polyner film 40 pm
(phot ochr om &? S The foll ow ng photochrom c
properties of the obta bcRpom c plastic | enses were

eval uated. The eval ua

s of the phoggchrom c plastic |enses
conprising the chro ds of Exanple | "are shown in Table 4.
15 [1] Maximum abso

wavel ength (Xmax) : This is the maxi num
absorption wavel éRgth

3ycol or devel opnent obtai ned by neans of
t he spectrophot onet er .\

00 i nstantaneous mul ti-channel
phot odet ector) of O suka El ectronics Co. . Ltd. and ussed7as an i ndex
of color at the tikfe tdfe @diwre devaigmve®’, BO. [B]: &l oR opkicala” and
density (AObvw HHS olss oblag il 61 PACSbRIuiea T OAnCRe | £ (HE0)qane
after 120 seconds ©of ‘exposure and's 03 under no ‘exposdre at” the above
maxi mum abs PR’ waretenigt haahdn usied )Jagnarhé rtexwofoealhds Opj adlat
density. It can he said that this, val ue becones | er,, Ihe
Phot ochr i 95 THisrd Ut LTl BRAS dF-ous o1 ey el edi & o,
charact eri sti£] defWyABhio E{wup S dye dAatkA 191 of YrurdPlEsAl e en AN
(Ay: value of X.) at a yellowrange (having a naxinum absor ption
wavel engt h R¥ 4BFaxea830 thilto JapdPeofBA Bpt i &adn gkt iyon ARGz |AFe UEf
Xma") at a € ran 30 avi ng .a Xi mum ahsarption el engt
550 to 650 &Jlrﬁl{rlan ‘—%gieadn ma%thcanc?r%dte%? of°2d 6 bl_g -%8&%58\@ @Htstqt%c.%the
[ 4] Fadi ng hatduperdedddehl/az RSeof HHe :cdmbvenateipn rgdi forirn hthe above
reducti 5 of _ t he absqor bance at the above maxi num absorption
wavel eng h A% to 1/2 of {s (120) -s (0) } when exposure 52
is stopped after h2QhseaRMES RnpRPES Hed rdRentee s M ifdowding
fading speed. As this tine becones shorter, the fading speed becones
hi gher. [ 5]f98bpt (&dn IehdR YR drefeamast- t he photochromic plastic
| ens 5 obtai ned under tRhe above conditions is used as a sanple and
kept in the dark/ToN onfe dgy, the ultraviolet transmttance (n) at
300 to 800 nmo pRe is nmeasured with an ultraviolet visible
spect r ophot grRej; Shi madzu Cor poration) at room
tenperature. A tangen (s déaavm 10 on the obtained ultraviol et
absorption curve to e he transrr'té)t ance (T% of the
i rve’passes a point’of 50 es so as to obtain
at witch the transmttance (T% of the
st he absorption end (absorption end of the
ultraviolet 15 spectrpum used as an index of initial coloration.
For exanple, in an optical article such as a spectacle lens, as this

val ue becones smaller. the initial colorati econes aker ang th
t r anspar ency undelrlnn%hgxﬁgg’ﬁr?e 855'8;35 Fii ’ghrgl?’. lgz[6] H?}heg\ﬁor%]ronﬁsnﬁng
{To} : ihe phot agbr awi defliasid arl ehe ARt Fcresilenden .t he above

conditions is used,as a sanple and its transnmttance (719 at 300 to

800 nmis neasur el WSt BhaFane paR Pethe rBPEabier ridiHolBrigteabove
(UV- 2550 of £ghinmdz DI pRLRL 5QN) @l 109 nmpegr ol S LS a
transmittance at a 3&\% eng?h l%t’ \E/l?llltl(?ﬁ t%ﬁlgh?r'a%é}ﬁ t:tglﬁge@ét?)d 30 to
650 nm 25 bedéreyatkyilirhl cagdous e halalkyIntdede giroupi,t cmrbloalbyathon.

As thi I b he_inpitial [ b K
and the {r aHeRRPentL  BHOE? H U 00 IP o bBRBHAE P RPGRET S (10 Roe, AT

20 electromn donor group having a Hammett constant o, of -0.50

tangent |ine beg®

1

to -0.01 out of the groups defined as R? of the combination

{ii) in the above formula (1).
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R*, R*, R®, R, R7, R®, “a” and “b” in the above formulas
(5) and (6) are as defined in the above formula (2). 2as a
matter of course, preferred examples of these groups are the
same as those enumerated in the above formula (2).

R? in the above formula (5) and R' in the above formula
(6) are each independently a thiol group, alkylthio group,
alkoxyalkylthio group, halcalkylthio group, cycloalkylthio
group, arylthio group or hetercarylthio group. Examples of
these groups are the same as those enumerated for the above
sulfur-containing substituent. As a matter of course,
preferred examples of these are the same as those enumerated
for the above sulfur-containing substituent.

R*® in the above formula (5) and R'® in the above formula
(6) are electron donor groups having a Hammett constant o,
of -0.50 to -0.01 out of the groups defined as R' of the
combination (iii} in the above formula (1) and out of the
groups defined as R? of the combination (ii) in the above
formula (1), respectively. Whenboth R'® and R*® are the above
electron donor groups, an excellent effect is obtained.

The Hammett constant o, is defined based on the Hammett
equation that quantifies the electric effect of a substituent
bonded toan nelectron system on the basis of the dissociation
constant Ka of p-substituted benzoic acid. A substituent
having a Hammett constant 6, of 0 is a hydrogen atom.

R in the above formula (5) and R'® in the above formula
(6) are particularly preferably electron donor groups having
a op of -0.50 to -0.01. When the chromene compound has an
electron donor group which satisfies this range, its double
peak characteristic can be intensified while initial
coloration is suppressed.

Examples of the electron donor group having a op of
-0.50 to -0.01 and represented by R' include aliphatic
heterocyclic groups having a ring member nitrogen atom and

bonded to the benzene ring to which the aliphatic



characteristic arcifiv OS5 8VT tt' I OS Color optical density 4)
tEE0 TS0 9E 0 tS*0 017.0 85.0 95.0 Z8.0 Z9'0 890 x it E <- (nu) ELS
6LS ZLt 9LS 9917 SLS 99t rd Cd . 0004 ZEOC.) 1

“T7gt,

10

15

20

25

30

27

heterocyclic group bonds via the nitrogen atom such as

morpholine group (op = -0.50), alkoxy groups such as methoxy
group (op = -0.28), ethoxy group (6p = -0.21) and propoxy group
(op = -0.26}, alkyl groups such as methyl group (6, = -0.14) ,
ethyl group (op = -0.13) and propyl group (op = -0.12), and
cycloalkyl groups such as cyclohexyl group (op = -0.16}.
Examples of the electron donor group having a op of
-0.50 to -0.01 and represented by R'® include heterocyclic
groups having a ring member nitrogen atom and bonded to the
benzene ring to which the heterocyclic group bonds via the
nitrogen atom such as morpholino group (o6, = -0.50), alkoxy
groups such as methoxy group (op = -0.28), ethoxy group (o,
= -0.21) and propoxy group (op = -0.26), p-alkylaminophenyl
groups such as p-dimethylaminophenyl group (o, = -0.22) and
p-diethylaminophenyl group (o, = -0.22), alkoxyphenyl groups
such as p-methoxyphenyl group (o, = -0.04) and
o, p~dimethoxyphenyl group (o, = -0.08), aryl groups such as
phenyl group (op = -0.01), l-naphthyl group (o, = -0.08) and
2-naphthyl group (o, = -0.02), p-nitrogen atom-containing
heterocyclic aryl groups such as p-morpholinophenyl group
{op = ~0.16), alkyl groups such as methyl group (c, = -0.14) ,
ethyl group (op, = -0.13) and propyl group (op = -0.12), and
cycloalkyl groups such as cyclohexyl group (op = -0.16).
Out of these, groups having a op of -0.50 to -0.02 are
more preferred, groups having a ¢, of -0.50 to -0.10 are much
more preferred, and groups having a 6, of -0.50 to -0.20 are
particularly preferred because balance between initial
coloration and double peak characteristic becomes excellent.
Particularly preferred examples of the group include alkoxy
groups such as methoxy group and ethoxy group, and aliphatic
heterocyclic groups having a ring member nitrogen atom and
bonded to the benzene ring to which the aliphatic
heterocyclic groups bond via the nitrogen atom such as

morpholinoe group from the above point of view.
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(t her mochr oni sm rigewlayly \pegpferxed fyauples of the chromene

compound in the present invention are given below.
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(identification of chromene compound)

The chromene compound of the present invention is
generally existent as an achromatic, light yellow or light
green solid or viscous liquid at normal temperature and
normal pressure and can be confirmed by the following means
{1) to (3).

(1) When the proton nuclear magnetic resonance spectrum
('*H-NMR) of the chromene compound is measured, peaks
based on an aromatic proton and an alkene proton appear
at & of around 5.0 to 9.0 ppm and peaks based on the
protons of an alkyl group and an alkylene group appear
at 0 of around 1.0 to 4.0 ppm. By comparing these
spectral intensities relatively, the number of the
protons of bonds can be known.

(2) The composition of a corresponding product can be
determined by elemental analysis.

(3) When the **C-nuclear magnetic resonance spectrum
(**C-NMR) of the chromene compound is measured, a peak

based on the carbon of an aromatic hydrocarbon group
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(96) produced by reacting a naphthol compound represented by the
15 following formula (7) with a propargyl alcohol compound

represented by the following formula (8) in the presence of

an acid catalyst.

(7)

(wherein R*, R?, R*®, R*, R’, R®?, “a” and “b” are as defined
20 in the above formula (2).)

R® R6

(8)
|(<OH

(wherein R® and R® are as defined in the above formula (2).)
The reaction ratio of the naphthol compound to the propargyl
alcohol compound is selected from a wide range, generally
1:10 to 10:1 (molar ratio). As the acid catalyst is used

25 sulfuric acid, benzenesulfonic acid, p-toluenesulfonic acid
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or acid alumina. The acid catalyst is used in an amount of
0.1 to 10 parts by weight based on 100 parts by weight of
the total of the naphthol compound and the propargyl alcohol
compound. The reaction temperature ispreferably 0 to200°C,
and an aprotic organic solvent such as N-methylpyrrolidone,
dimethyl formamide, tetrahydrofuran, benzene or toluene is
preferably used as the solvent. The method of purifying the
product obtained through the above reaction is not
particularly limited. For example, the obtained product may
be purified by carrying out silica gel column purification
and further recrystallization.

The naphthol compound represented by the above formula
(7) is provided as a novel compound by the present invention.
In the formula (7), the definitions of R*, R?, R?, R*, R’, RS,
“a” and “b” are the same as in the above formula (2).
Therefore, it should be understood that the above explanation
of the formula (2) is directly applied to these groups and
parts.

In the present invention, preferred examples of the
naphthol compound represented by the formula (7) are the

following compounds.
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SCH3-

Uy
1,
e

OCH;,3
Ordinary naphthol compounds can be synthesized in

F3C

accordance with reaction methods described in, for example,
research papers such as Journal of Organic Chemistry

5 62(10)3282-3293; 2004, Synthetic Communications 23 (16)
2241-2249 (1993) and W0O01/60881.

(process of synthetizing naphthol compound)
Although the process of synthesizing the naphthol
10 compound répresented by the above formula (7) is not

particularly limited, it can be synthesized as follows, for
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example.

A benzene compound represented by the following
formula (9) may be purchased as a commercially available
product or may be synthesized based on the following

5 documents.

(R’°‘)aF21
’ \/\ 9)
F R2

(R', R?, R® and “a” are as defined in the above formula (2).)
For example, benzene compounds represented by the
following formulas (10a) and (10b) can be purchased as
10 commercially available products.
OCH,4
(10a)
SCH, '

SCH;
(10b)
C

For example, a benzene compound represented by the
following formula (11) can be synthesized in accordance with
a reaction method described in research papers such as

15 Organometallics. 8. (5). 1303-1308; 1989.
SCH,
(11)
SCH,

A compound represented by the following formula (12)
is obtained by reacting the compound (9) with acid chloride

(R* and “b” are as defined in the above formula (2)).
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To determine the positions of substituents of R' and
R? in the obtained naphthol compound of the formula (7), a
benzene compound of the formula (9} prepared by adjusting
the types and degrees of electron donating ability of the
substituent groups is preferably used. For example, to
synthesize a naphthol compound in which R* and R® are the same
electron donor groups (for example, the same
sulfur-containing substituents), the benzene compound of the
formula (11} is preferably used.

TOo synthesize a naphthol compound in which R* is a
substituent having higher electron donating ability than R?,
the benzene compound of the formula (10a) is preferably used.

Further, tc synthesize a naphthol compound in which
R' is a substituent having lower electron donating ability
than R*, a compound represented by the formula (12) is first
produced by using the benzene compound of the above formula
{(10a) . Then, in the subsequent step after the production
of the compound of the formula (12), a chlorine atom should
be converted into desired R® by using a Buchwald-Hartwig
cross-coupling reaction.

A compound represented by the following formula (13)
is obtained by carrying out the Stobbe reaction and

cyclization reaction of the above compound (12).

(13)
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In the compound of the formula (13), R is a group derived
from a diester compound used in the Stobbe reaction. The
compound (13) is then hydrolyzed by using an alkali or acid
to obtain a carboxylic acid represented by the following

5 formula (14).

(14)

This carboxylic acid is benzylated by using a base such as
potassium carbonate and benzyl chloride and then hydrolyzed
by using an alkali or acid to obtain a benzyl-protected

carboxylic acid represented by the following formula (15) .

(15)

10 This benzyl-protected carboxylic acid is converted into an
amine by a method such as Curtius rearrangement, Hofmann
rearrangement or Lossen rearrangement, and a diazonium salt
is prepared from the amine. This diazoniumsalt is converted
into a bromide through a Sandmeyer reaction or the like, and

15 the obtained bromide is reacted with magnesium or lithium
to prepare an organic metal reagent. This organic metal
reagent is reacted with a ketone represented by the following
formula (16) at -10 to 70°C in an organic solvent for 10
minutes to 4 hours to obtain a compound represented by the

20 following formula (17).
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R7. RS

Y (16)

o)

(R7 and R® are as defined in the above formula (2).)

a7)

The compound (17) is reacted at 10 to 120°C for 10 minutes
to 2 hours under a neutral to acid condition to spironate
the alcohol so as to obtain a naphthol compound of the above

5 formula (7) of interest. In the above reaction, the reaction
ratio of the above organic metal reagent to the ketone
represented by the above formula (16} is selected from among
a wide range but preferably selected from a range of 1:10
to 10:1 (molar ratio). The reaction temperature is

10 .preferably -10 to 70°C, and an aprotic organic solvent such
as diethyl ether, tetrahydrofuran, benzene or toluene is
preferably used as the solvent. The spironation of the
alcohol material under a neutral to acid condition is
preferably carried out by using an acid catalyst such as

15 acetic acid, hydrochloric acid, sulfuric acid,
benzenesulfonic acid, p-toluenesulfonic acidor acid alumina.
The acid catalyst is preferably used in an amount of 0.1 to
10 parts by weight based on 100 parts by weight of the alcohol
material. For this spironation, a solvent such as

20 tetrahydrofuran, benzene or toluene is used.

The propargyl alcohol compound represented by the

above formula (8) can be synthesized by various methods. For

example, it can be easily synthesized by reacting a ketone
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compound corresponding to the above formula (8) with a metal
acetylene compound such as lithium acetylide.

The chromene compound of the present invention which
is synthesized as described above dissolves well in a
general-purpose organic sclvent such as toluene, chloroform
or tetrahydrofuran. When the chromene compound represented
by the above formula (1) is dissolved in this solvent, the
obtained solution is generally almost achromatic and
transparent and has an excellent photochromic function that
it develops a coleor swiftly upon exposure to sunlight or
ultraviolet radiation and reversibly returns to its original

achromatic state swiftly by blocking off the light.

(combination with another photochromic compounds
Although the chromene compound of the present
invention develops a color of a neutral tint by itself, it
may be used in combination with another photochromic compound
to obtain various colors required as a photochromic lens.
Any known compound may be used as the photochromic compound
to be combined with. Examples of the photochromic compound
include fulgide, fulgimide, spirooxazine and chromene. Out

of these, a chromene compound is particularly preferred
because it can keep a color uniformly at the time of color
development and fading, can suppress a color shift at the
time of color development due to the deterioration of
photochromic properties and further can reduce initial
colcoration.

That is, by combining the chromene compound of the
present invention with another chromene compound which has
high color development sensitivity, a high fading speed and
little initial coloration like the above chromene compound,
a photochromic composition which keeps a color uniformly at
the time of color development and fading and provides high

transparency can be obtained.
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To provide high transparency, the chromene compound
to be combined with preferably has a transmittance by
thermochromism of not less than 75 % and an absorption end
of anultraviolet absorption curve at 380 to 430 nm. Further,
a chromene compound having a transmittance by thermochromism
of not less than 85 % and an absorption end of an ultraviolet
absorption curve at 380 to 420 nm is particularly preferred,
and a chromene compound having a transmittance by
thermochromism of not less than 88 % and an absorption end
of an ultraviolet absorption curve at 380 to 410 nm is most
preferred. The transmittance by thermochromism and the
absorption end of the ultraviolet absorption curve are values
measured by methods described in the following examples.

These preferred chromene compounds to be combined with
include chromene compounds represented by the following

formulas (18a) and (18b).

(182)

5

(18b)

In the above formula (18a), R, R*, R°, R®, R’ and R®
are as defined in the above formula (2), and R*” is a hydrogen
atom, hydroxyl group, alkyl group, haloalkyl group,

cycloalkyl group, alkoxy group, amino group, heterocyclic
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group having a ring member nitrogen atom and bonded to the
benzene ring to which the heterocyclic group bonds via the
nitrogen atom, cyano group, nitro group, formyl group,
hydroxycarbonyl group, alkylcarbonyl group, alkoxycarbonyl

5 group, halogen atom, aralkyl group, aralkoxy group, aryloxy
group or aryl group. Specific examples of the chromene
compound of the above formula (18a) are the same as compounds
enumerated in a pamphlet of International Laid-Open
WO2001/60811.

10 In the above formula (18b), R*, R*, R® and R® are as
defined in the above formula (2), and “o” and “p” are each
independently an integer of 0 to 4. Specific examples of
the chromene compound of the above formula (18b) are the same
as compounds enumerated in a pamphlet of International

15 Laid-Open W02009/136668.

To obtain a photochromic composition comprising the
chromene compound of the present invention and another
photochromic compound, the ratio of these chromene compounds
may be suitably determined according to a desired color. In

20 this case, the amount of the chromene compound of the present
invention or another chromene compound is preferably 0.001
to 10 parts by mass based on 100 parts by mass of the total
of all the polymerizable monomers. Stated more specifically,
in the case of a thin film such as a coating film (for example,

25 a thin film having a thickness of about 100 pm), the color
should be controlled by using 0.001 to 5.0 parts by mass of
the chromene compound of the present invention and 0.001 to
5.0 parts by mass of another chromene compound based on 100
parts by mass of the coating film or all of the polymerizable

30 monomers which provide the cocating film. In the case of a
thick cured material (having a thickness of 1 mm or more,
for example), the color should be controlled by using 0.001
to 0.5 part by mass of the chromene compound of the present

invention and 0.001 to 0.5 part by mass of another chromene
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compound based on 100 parts by mass of the thick cured material
or all of the polymerizable monomers which provide the thick

cured material.

(stabilizer to be combined with)

Although the chromene compound of the present
invention has high durability as it is, its durability can
be further enhanced by using the following ultraviolet
absorbent, optical stabilizer or antioxidant. As the
ultraviolet absorbent may be used known ultraviolet
absorbents such as benzophenone-based compounds,
benzotriazole-based compounds, cyanoacrylate compounds,
triazine-based compounds and benzoate-based compounds.
Cyanoacrylate-based compounds and benzophenone-based
compounds are particularly preferred. When the above
ultraviolet stabilizer is used in an.amount of 0.001 to 5
parts by mass based on 100 parts by mass of the total of all
the polymerizable monomers including the chromene compound
of the present invention, it produces an effect. Known
hindered amines may be used as the optical stabilizer, and
known hindered phenols may be used as the antioxidant. When
the above optical stabilizer and antioxidant are each used
in an amount of 0.01 to 10 parts by mass based on 100 parts
by mass of the total of all the polymerizable monomers
including the chromene compound of the present invention,

they produce an effect.

(use of chromene compound:

The chromene compound of the present invention
exhibits the same photochromic properties even in a polymer
solid matrix. The polymer solid matrix is not particularly
limited if the chromene compound of the present invention
can be uniformly dispersed therein. Optically preferred

examples of the polymer solid matrix include thermoplastic
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resins such as methyl polyacrylate, ethyl polvacrylate,
methyl polymethacrylate, ethyl polymethacrylate,
polystyrene, polyacrylonitrile, polyvinyl alcochol,
polyacrylamide, poly(2-hydroxyethylmethacrylate),

5 polydimethylsiloxane and polycarbonates.

Thermosetting resins obtained by polymerizing a
radically polymerizable polyfunctional monomer may be used
as the above polymer matrix. Examples of the radically
polymerizable polyfunctional monomer include polyacrylic

10 acid and polymethacrylic acid ester compounds such as
ethylene glycol diacrylate, diethylene glycol
dimethacrylate, triethylene glycol dimethacrylate,
tetraethylene glycol dimethacrylate, ethylene glycol
bisglycidyl methacrylate, bisphenol A dimethacrylate,

15 2,2-bis(4-methacryloyloxyethoxyphenyl)propane and
"2,2-bis(3,5-dibromo-4-methacryloyloxyethoxyphenyl)propan
e; polyallyl compounds such as diallyl phthalate, diallyl
terephthalate, diallyl isophthalate, diallyl tartarate,
diailyl epoxysuccinate, diallyl fumarate, diallyl

20 chlorendate, diallyl hexaphthalate, diallyl carbonate,
allyl diglycol carbonate and trimethylolpropane triallyl
carbonate; polythiocacrylic acid and polythiomethacrylic
acid ester compounds such as
1,2-bis(methacryloylthioc)ethane,

25 bis(2-acryloylthicethyl)ether and
1,4-bis(methacryloylthiomethyl)benzene; acrylic acid ester
compounds and methacrylic acid ester compounds such as
glycidyl acrylate, glycidyl methacrylate, Bp-methyl glycidyl
methacrylate, bisphenol A-monoglycidyl ether-methacrylate,

30 4-glycidyloxy methacrylate,

3- (glycidyl-2-oxyethoxy) -2-hydroxypropyl methacrylate,
3-{glycidyloxy-1-isopropyloxy) -2-hydroxypropyl acrylate,
3-glycidyloxy-2-hydroxypropyloxy) -2-hydroxypropyl

acrylate; and divinylbenzene.
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Copolymers obtained by copolymerizing the above
radically polymerizable polyfunctional monomer with a
radically polymerizable monofunctional monomer may also be
used as the above polymer matrix. Examples of the radically
polymerizable monofunctional monomer include unsaturated
carboxylic acids such as acrylic acid, methacrylic acid and
maleic anhydride; acrylic acid and methacrylic acid ester
compounds such as methyl acrylate, methyl methacrvylate,
benzyl methacrylate, phenyl methacrylate and 2-hydroxyethyl
methacrylate; fumaric acid ester compounds such as diethyl
fumarate and diphenyl fumarate; thicacrylic acid and
thiomethacrylic acid ester compounds such as methyl
thicacrylate, benzyl thicacrylate and benzyl
thiomethacrylate; and vinyl compounds such as styrene,
chlorostyrene, methylstyrene, vinyl naphthalene,
a-methylstyrene dimer and bromostyrene.

Commonly used methods may be employed to disperse the
chromene compound of the present invention into the above
polymer solid matrix. The methods include one in which the
above thermoplastic resin and the chromene compound are
kneaded together while they are molten to disperse the
chromene compound into the resin, one in which the chromene
compound is dissclved in the above polymerizable monomers
and a polymerization catalyst is added to the resulting
solution to polymerize the polymerizable monomers by heat
or light so as to disperse the chromene compound into the
resin, and one in which the suffaces of the above
thermoplastic resin and the above thermosetting resin are
dyed with the chromene compound to disperse the chromene
compound into the resins.

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
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photosensitive materials, recording materials for cathode
ray tubes, photosensitive materials for lasers and
photosensitive materials for holography. The photochromic
material comprising the chromene compound of the present

5 invention may be used as a photochromic plastic lens material,
optical filter material, display material, actinometer or
ornament material.

For instance, when the chromene compound of the present
invention is used in a photochromic plastic lens, if uniform

10 light control performance is obtained, the lens
manufacturing method is not particularly limited. Examples
of the method include one in which a polymer film containing
the photochromic material of the present invention uniformly
dispersed therein is sandwiched between lenses, one in which

15 the chromene compound of the present invention is dispersed
into the above polymerizable monomers and the polymerizable
monomers are polymerized by a predetermined technique, and
one in which the chromene compound is dissolved in silicone
0il, the resulting solution is impregnated into the surface

20 of a lens at 150 to 200°C for 10 to 60 minutes, and the surface
is further coated with a curable substance to obtain a
photochromic lens. Further, one in which the above polymer
film is formed on the surface of the lens and the surface
is coated with a curable substance to obtain a photochromic

25 lens is also employed.

A coating agent composed of a polymerization curable
composition comprising the chromene compound of the present
invention may be applied to the surface of a lens substrate,
and the coating film may be cured. At this point, the lens

30 substrate may be subjected to a surface treatment with an
alkaline solution or a plasma treatment in advance, and a
primer may be further applied to improve adhesion between
the substrate and the coating film by carrying out the above

surface treatment or without the surface treatment.
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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

1.0 g (2.3 mmol) of the following naphthol compound
(19) and 0.80 g (3.0 mmol) of the following propargyl alcohol
compound (20) were dissolved in 70 ml of toluene, and 0.022
g of p-toluenesulfonic acid was further added to the
resulting solution and stirred under heating and reflux for
1 hour. After the reaction, the solvent was removed, and
the obtained product was purified on silica gel by
chromatography to obtain 1.2 g of a white powder product.

=)

The yield rate was 76 %.

()

s

(19)
OH

H3CS
OCHg

H3CO

OCH3
J

| OH

_

The elemental analysis values of this product were
79.21 ¥ of C, 6.89 % of H and 4.61 % of 8 which were almost
equal to the calculated values of C4sHag048 (C: 79.14 %, H:
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6.79 %, S: 4.70 %).

When the proton nuclear magnetic resonance spectrum
of the product was measured, 18H peaks based on the methyl
and methylene protons of a tetramethylcyclohexane ring were
seen at & of around 1.0 to 3.0 ppm, 12H peaks based on the
methyl protons of a methylthio group and a methoxy group were
seen at 6 of around 2.3 to 4.0 ppm, and 16H peak based on
an aromatic proton and an alkene proton were seen at o of
around 5.6 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.

It was confirmed from the above results that the
isolated product was a compound represented by the following

formula (21).

1)

Examples 2 to 5

Chromene compounds shown in Table 1 (Examples 2 and
3) and Table 2 (Examples 4 and 5) were synthesized in the
same manner as in Example 1. When the structures of the
obtained products were analyzed by using the same structure

checking means as in Example 1, it was confirmed that they
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were compounds represented by structural formulas shown in
Table 1 and Table 2. The elemental analysis values of these
compounds, the calculated values obtained from the
structural formulas of the compounds and characteristic

5 'H-NMR spectra are shown in Table 3.
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Examples 6 to 10
(evaluation of physical properties of photochromic plastic
lens produced by coating method)
The chromene compound No.l obtained in the above

5 . Example 1 was mixed with a photopolymerization initiator and
polymerizable monomers, the resulting mixture was applied
to the surface of a lens substrate, and ultraviolet light
was applied to polymerize the coating film on the surface
of the lens substrate.

10 As for a photochromic curable composition, a mixture
of 50 parts by mass of
2,2-bis (4-methacryloyloxypentaethoxyphenyl)propane, 10
parts by mass of polyethylene glycol diacrylate (average
molecular weight of 532), 10 parts by mass of

15 trimethylolpropane trimethacrylate, 10 parts by mass of
polyester oligomer hexaacrylate (EB-1830 of Daicel UCB Co.,
Ltd.) and 10 parts by mass of glycidyl methacrylate as
radically polymerizable monomers was used. 1 part by mass
of the chromene compound No.1 obtained in Example 1 was added

20 to and fully mixed with 90 parts by mass of this mixture of
the radical polymerizable monomers, and 0.3 part by mass of
CGI1800 {a mixture of 1-hydroxycyclohexylphenyl ketone and
bis(2,6-dimethoxybenzoyl)-2,4,4-trimethyl-pentyl
phosphine oxide (weight ratio of 3:1)} as a

25 photopolymerization initiator, 5 parts by mass of
bis(1,2,2,6,6-pentamethyl-4-piperidyl) sebacate as a
stabilizer, 3 parts by mass of
ethylenebis (oxyethylene)bis [3- (5-tert-butyl-4-hydroxy-m-
tolyl)propionate]l, 7 parts by mass of

30 y-methacryloyloxypropyl trimethoxysilane as a silane
coupling agent and 3 parts by mass of N-methyldiethanolamine
were added to and fully mixed with the above mixture to obtain
a photochromic curable composition.

Subsequently, about 2 g of the photochromic curable
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composition obtained by the above method was applied to the
surface of a lens substrate (CR39: acrylic resin plastic
lens; refractive index of 1.50) by using the 1H-DX2 spin
coater of MIKASA Co., Ltd. This coated lens was irradiated
with light of a metal halide lamp having an output of 120
mW/cm® in a nitrogen gas atmosphere for 3 minutes to cure
the photochromic curable composition so as to produce an
optical article coated with a cured polymer film containing
the chromene compound dispersed therein (thickness of
polymer film: 40 pm) (photochromic plastic lens).

The following photochromic properties of the obtained
photochromic plastic lenses were evaluated. The evaluation
results of the photochromic plastic lenses comprising the
chromene compound of Example 1 are shown in Table 4.

[1] Maximum absorption wavelength (Amax): This is the maximum
absorption wavelength after color development obtained by
means of the spectrophotometer {(MCPD3000 instantaneous
multi-channel photodetector) of Otsuka Electronics Co., Ltd.
and used as an index of color at the time of color development .
[2] Color optical density (Aq) : This is the difference between
absorbance {£(120) after 120 seconds of exposure and €(0)
under no exposure at the above maximum absorption wavelength
and used as an index of color optical density. It can be
said that as this value becomes larger, the photochronic
properties become better.

[3] Double peak characteristic (Ay/2Zg): This is the ratio of
color optical density (Ay: value of Amx) at a yvellow range
(having a maximum absorption wavelength at 430 to 530 nm)
and color optical density (Ap: value of Any) at a blue range
(having a maximum absorption wavelength at 550 to 650 nm)
and used as an index of double peak characteristic.

[4] Fading half period [tl/2(sec.)]: time required for the

reduction of the absorbance at the above maximum absorption

wavelength of a sample to 1/2 of {€(120)-£(0)} when exposure
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is stopped after 120 seconds of exposure and used as an index
of fading speed. As this time becomes shorter, the fading
speed becomes higher.

[5] Absorption end {A;}: After the photochromic plastic lens
obtained under the above conditions is used as a sample and
kept in the dark for one day, the ultraviolet transmittance
(T%) at 300 to 800 nm of the sample is measured with an
ultraviolet visible spectrophotometer (UV-2550 of Shimadzu
Corporation) at room temperature. A tangent line is drawn
on the obtained ultraviolet 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
at which the transmittance (T%) of the tangent line becomes
0 as the absorption end (absorption end of the ultraviolet
spectrum} and used as an index of initial coloration. For
example, in an optical article such as a spectacle lens, as
this value becomes smaller, the initial coloration becomes
weaker and the transparency under no exposure becomes higher .
[6] Thermochromism {T,}: The photochromic plastic lens
obtained under the above conditions is used as a sample and
its transmittance (T%) at 300 to 800 nm is measured with an
ultraviolet visible spectrophotometer (UV-2550 of Shimadzu
Corporation) at room temperature. This is a transmittance
at a wavelength at which the transmittance at 430 to 650 'nm
becomes minimal and used as an index of initial coloration.
As this value becomes larger, the initial coloration becomes
weaker and the transparency under no exposure becomes higher .
[7] Residual rate (Asy/BAp x 100} : The deterioration promotion
test of the obtained photochromic plastic lens is carried
out by using the X25 xenon weather meter of Suga Test
Instruments Co., Ltd. for 50 hours. Thereafter, the above
color optical density 1s evaluated before and after the test,
the color optical density (A,) before the test and the coloxr

optical density (Asy) after the test are measured, and the
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ratio (Ase/By) of these values is taken as residual rate and
used as an index of color development durability. As the
residual rate becomes higher, the color development
durability becomes hicher.

5 Photochromic plastic lenses were obtained and their
characteristic properties were evaluated in the same manner
as above except that the compounds (Nos. 2 to 5) obtained
in Examples 2 to 5 were used as the chromene compound. The

results are shown in Table 4.
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Comparative Examples 1 to 3
For comparison, photochromic plastic lenses were
obtained and their physical properties were evaluated in the
same manner as in Examples except that compounds represented
5 by the following formulas (A), (B) and (C) were used. The

results are shown in Table 5.

(A)

(B)

©

10
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It is understood that the photochromic plastic lenses
in Examples 6 to 10 which were obtained from the chromene
compounds of the present invention are superior in all of
color optical density, fading speed and durability to the
photochromic plastic lenses of Comparative Example 1
(chromene compound represented by the above formula (&)},
Comparative Example 2 (chromene compound of the above formula
(B)) and Comparative Example 3 (chromene compound
represented by the above formula (C}) while having high
double peak characteristic.

The photochromic plastic lenses of Comparative
Examples 1 and 2 have large initial coloration by
thermochromism. The photochromic plastic lens of
Comparative Example 3 has large initial coloration as the
absorption end goes beyond 420 nm into a visible range. In
contrast to this, in Examples in which the chromene compounds
of the present invention are used, as thermochromism is
little and the absorption end is existent at a short

wavelength range, initial coloration is little.

Examples 11 to 49

Chromene compounds shown in Table 6 were synthesized
in the same manner as in Example 1. When the structures of
the obtained chromene compounds were analyzed in the same
manner as in Example 1, it was confirmed that they were
compounds represented by the structural formulas shown in
Table 6. Table 7 shows the elemental analysis values and
'H-NMR spectral values of the chromene compounds obtained
in Examples. In Table 7, the compound Nos. 11 to 49 are
chromene compounds obtained in Examples 11 to 49,

respectively.
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Table 6
Raw materials
Example . 1 Yield
ropargy Product rate
No. Naphthol alcochol (%)
compound
compound
11 76
12 78
13 72
14 71
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~18H 65.0-9.0 16H 60.5-4.5 26H 55.0-9.0 16H 60.5-4.5 22H 65.0-9.0
161-1 60.5-4.5 28H 65.0-9.0 16H 60.5-4.5 28H 65.0-9.0 16H 60.5-4.5
22H 65.0-9.0 15H 60.5-4.5 30H 65.0-9.0 15H 60.5-4.5 26H El enent al

69 71 1H NVR(NMR) 65.0-9.0 16H 60.5-4.5
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Table 6 (continued)
1 Raw materials
Example Yield
Naphthol Propargyl Product rate
No. alcohol (%)
' compound compound
H;CcH
O %H OCHg
S &
H i
15 (P ’
HO
H4CS Y
T OCH;,
16 69
17 93
18 69
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Table 6 (continued)

Raw materials
Example Yield
g Naphthol Propargyl Product rlaete
No. alcohol (%)
compound .
compound
OCHg
o :
19 Hd 73
OCH3
OCH3
O
20 ud 70
OCH4
OCH4
O
21 e 76
OCHg
OCH3
A
22 nd 72
OCH3
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Table 6 {continued)
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Raw materials

Example Yield
Naphthol Propargyl Product rate
No. alcohol (%)
compound
compound
23 ca
24 69
25 68
26 66
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73 Exanples 50 to 88

Phot ochrom c plastic | enses were manufactured and their

‘characteristic properties were evaluated in the sanme nmanner as in

Exanpl e 6 except that the compounds obtained 5 in Exanples 11 to 49

were used as chronene conpounds.
Tabl e 8, the conpound Nos.

I n Exanples 11 to 49,

58 48 58 1.8 38 E8 178 E8 ES8 E8T£§

The resstts are shown in Table 8.
11 to 49 are chronmene conpounds obtai ned

In

respectively. 74 75 kr.6) UL X (1)Vris s8

le 6 (continued)

Raw materials ‘
Example Yield
Naphthol Propargyl Product rate
No. alcohol (%)
compound
compound
27 75
28 71
29 60
30 77
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Table 6 (continued)
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Example Propargyl Yield
Product rate
No . Naprhthol aleohol (%)
compound
compound
HaC CH,
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Table 6 (continued)
Raw materials 14
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No. alcohol (%)
compound compound
O CH, QOCH;
OCH
| S e
6%
O OH HO
HyCS
SCHj OCH,
OCH4
N R
76
0
OCH,
OCH,
37 H= 69
e
OCHg
OCH
ch CH3 3
CHg
O | O
38 68
g il
H,CS
SCH; OCH,




E9 1 optical density ov SE*O VI7'0 S O Br() 9v0 z8' 0 VI7' 0 080
Lv.0 8.0 917.0 80 5E.0 W'0 Or7.0' 9'0 OV0 59.0 9E *0 817'0 (.- X id
5 (tun) 9LS L9T7 8LS 691' 369 881" 069 581' 369

65

Table 6 (continued)

Raw materials
Example Yield
Naphthol Propargyl Product rate
No. alcohol (%)
compound .
compound
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Table 6 (continued)
Example Raw materials
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No. Naphthol Propargyl Product rate
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Examples 50 to 88

Photochromic plastic lenses were manufactured and
their characteristic properties were evaluated in the same
manner as in Example 6 except that the compounds obtained

5 in Examples 11 to 49 were used as chromene compounds. The
results are shown in Table 8. In Table 8, the compound Nos.

11 to 49 are chromene compounds obtained in Examples 11 to

49, respectively.
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Exarfpl es of napht hol

conpound are as follow ng. Exanple 89

55.1 g (324.2 mmol) of a benzene conpound represented by the above
formula (11) was added dropwi se to a 5 dichl oronet hane sol ution (350
m) of 51.8 g (388.6 mmol ) of al um numchloride and 45.6 g (324 .
chloride cooled to OC. pagter the end of addition,

mmol ) of benzoyl

3

they were stirred TorJ2 qoursy Aftjer the rgactipn, tjhe reaction
sol ution was washgd i pswdter, |the |sol vent qﬂs renoved, and the
obt ai ned 10 prad tﬂvaaggp i Y. C chr Qgraphy n a
benzophenone der iugqgl ggﬁpré>$t§@t£b§ Ehmg-o f£| th%mxmdg ogrrat%(ﬁ § &5 oo
63.1 g (230.4 nnq%, y_@h@ rate of |71 -Ps) qf a yell gw solid. CHB
SCH3 (22) 15The benzpphgnone| derijvati ye of| the{above fofmnul a (22
and 46.2 g (26%.0.mmol]) qf di et hyl| sucti naije wefe di[ssolyed ijn 250 m
of tetrahydrofuyra®mand heated|to §5C. A tet|rahydrof yran sol utji on (250
m) of 29.7 g (265.D pmol|) of | potdssi umt-hQut ox| de vas agded |dr oppi se
to this solution @ PO gtirred for 1 hour./After theg reaction, the
reaction sol utiondwas| waghed Wt b congent ;\]a;tge L hydrachl oride aci d| and
then with water, @and 12 [sol weat ojas f peDwede to] @hbgion @ @0 [ Ol ©
represented by tm§££o low ng formil a (R3) as 92[6 g ((230}4 nmol;
yield rate of 100:496)| of |[an ofange oil| H3CH2COOC SC H3(R23) Z25SCHB
79 The conpound oﬁﬁthe above formyla (23), ;18.9 g (230. 4 mol|) of
sodi um acetate|amd 118.7{g (1152.0 mmo| ) off acefic anhydfide |were
di ssolved in 300 m of tolueng and Tefjtuxgd fof 3 ffours| Aftfer tne
reaction, the teactfion solutipn was 5 washed in water, the sqlvent
was renoved, a1g-3mp pbt ai ned| product mwas purifjed by
recrystal | i zat { gk @§h Bret fanol Sto dbtai B a cg)rrpogncl r pregerte% by
the fol l owing fordngl & (24) was| 22. 6 o ([53+0 |l | ¥iel dirpte gf 23| 96)
of an orange sptidla H3CH2COQCOCOCH3 |[SCH3| SC H3 10The| conpound| of
t he above forapl & +24) was dijspersed ijnto 100 ni of |nmet hanol .| 127| n
of an aqueous$s Fop—of—127—g—{ 3180 )—of —sodi-um-hydraxi-del was-
added to thlsﬂ>olution»and refluxed for 3 hours|. After the reactipn,
the reaction s ol Dt j Bn was washed M;thconcentrated hydr ochl offi c 15
acid and therizhid tf gait & | 3t I8 Sopyents sy, e@,q«irﬁhghg gbqgai[gneg =
product was pgfigifeg [bX reslurrying wit Tl uene 't o bt
carboxylic actd deriviafd ye represented by the flol | o ng fornﬁla (125)
as 17.4 g (48»8 ol yilgld rlate of 92 96) [ of yel low siolid]| HOJ
20SCH3 U o
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80 in 150 mM of N, N-di nmet hyl f or mam de.

pot assi um carbonate was added to this solution,

stirred for 3 hours.
washed in water,

After the reaction,
and the sol vent was 5

15.4 g (122.0 nmol ) of

heated to 60C and

the reaction solution was
@noved to obtain a conpound

represent ed by—the—fpH-owngrforjut=a as—2¢1g (44 yield
rate of 92 96 a pelllow of I . BnCOCCBn 10The donpolind gf th
above formul a ddlspersed into m I SQpr opy coho
150 M of an neok | 4. Dy >($an@1)8) DILE/ATUD
hydr oxi de was{adféd t®3his sol ution jand refl uxed fior 3 ter
the reaction, ol utifon was washed with con at ed 15
hydr ochl ori c ret—wHth—water;,—the——solyvent-—was and
the obtained prduct] was purli fied by irryijng wilth toluene to
obtain a carbpxyl fic |aci ¢ derfi vative riepresented by|the W ng
formula (27) as;ﬂg 99 mol, yileld fate lof 99 90 yel | jow
sol id. HOOCOBN " carboxyl i id derivative ove
formila (27) wa$ gi spar 58d 3| oS8a0 3N SoB | thIRiees| 909 4§ F8EL.
mmol ) of triethyl Bmine and 15.9 g (57.9 mpol ) |of
di phenyl phosphorytazi de added tqg this$ soljution and stirjred
at room tenperatuge (for|2 hqurs.|20.4 g (4#35.3 nmmo|) of was
added to this| sglitijon arry out g ction at YOC f hour|s.
Thereafter, 5 gf-et-hangl-was.-ad to-t-hils—soluti en
74.7 g (1335. %nnl) of assium5 h Ki de (was added | uxed
for 6 hours. 1 £ tlhe feact|i on, | et hg hvas distilled at  nar nal
pressure, tetﬂhgwggf'Eranqmas(addeg,. soLutii o Yvas. v i
wat er, and the; sof vgng wa§ rer@vedSt d i & g cpnpofind resernt ed
by the followﬁhgvgd%nula (28) as|15.8 g (B7.8|mol| vyie D ratle of
85 1) of a ygllowsalid: NOBN The gonpound g b abave
formul a (28)gwas di gperijsed ilnto B50 ml of | acetionitril e, 17 g
(187.1 nmol )§|of 61 hydroghl orf c agi gueoys sol uti g added to
the 15 di speflsipn-andocjooled to 0 to . Q1.7 g (5p6.7 1 a 331
sodi um ni tri|ed Lﬁa()ug SQl ol im0~ @S wadsled fo'd et sokwal i
stirred for §30Sn# i es. .:L°‘g°€2'83.‘”5‘=’mm7"1'9;f'-a30§6§(m 1S
i odi de aquedljs™solfutian added to i s{ sol ytionj and at
room tenpergjjure for 5 fhours. After 20 the reaction, tg E Was
added, the reactipnisoljution was| washed in water, fthe golvent was
renoved, an th@Ipbtained product was purffied by (col um
chr omat ogr ajty £ obtailn a ¢onpdund | sent ¢d by| t he ow ng
formula (29F E5. 8 8 |(28. 9 mnol ,wyi elrd rate|ofo 79 ) ow
solid. 82 $CHB SCH3: The cBnpolhd of. 1h& apolle 29)
was di spersed i@tp 600 |[mM~of rbljuete codl ¢dto -3oc.r2s.r*m
(44.9 mol) of @putyl flithium (|1.6M ne sol utijon) Wwas 5
dropwi se to thisfsofutijon and stjirred for| 30 mi nutles. 14.8 a
t ol uene sol ution-ofl 7 gL Z. 8 Imml —3 .
5-tetramet hyl cyc) ghexarjone has gdded iselto this sol utlion and
stirred at OC ®of 3| hoyrd. AR 81 & h3| keagtf of| o & uBn@ afdgd, the
reaction sol ytpanewas® washesi u|wat&l o hg| spldlent swas 4 legoyed,
and t he obtai pr pdugt was purlified by |[reslurryiing w nol to
obtai n a conpound TEpresentgd by The Tiowing —formuta(30) 10.1 g
(2672 ol {1 ¢l § i | & BUCOR) DI2haya | DVELa 8] 2 Bpodh 3 ¢
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(30) SCH3 SCH3 15The conpound of the above formula (30) (0.9 mmol)
of () -10-canphorsulfonic acid were dissolved in 150 ml of tol uene
and ref luxed for 30 mnutes. The resulting solution was left to be
cooled to roomtenperature, added to 100 mM of a toluene solution of
4.5 g (27.3 mmol) of 20 p-tol uenesul foni ggacid heated at 90C and ref
| uxed for 4 hours. After the reaction, the reaction solution was
washed in water, tEzasplesnbfwaspheholedpmpodntiharebtai fiedlpwodgct
83 was purif#ed bg cglunn chromat ography to obtain a naphthol
corpound repF&8BRIEd°Ey the following formula (31) as 3.7 g (8.2

mol , yield rate 06545 $9(30f2 .2 ¥RbIOWSA dnzensdERRRS hﬁ[i'eﬁé]?}:esented
anaIyS|s values of this product were 74.91 %of C, % H and

14.30. % of SPYhEBR aEPEeaﬁﬁﬁ§PléqJAﬂ)tUaﬁhédéadcdr@p@aseatgeg of
C28H320S% ( Cyi éf1 8PorSthbine s dPuPon @501%1%9 ofsq V!‘G‘gi“t (LR %rﬁ&gﬁb RF

nucl ear magneti c resonance spectrum 10 was rneasured Sshovie
peak based oalumiambkydhlgrmoige ahdstofe gr (o Dmhold df beppmyanch Poridle

Furthor . whoROPREaIg0 el CAF ERBHEE o BE G- Sho CHNTGRE Stirred

measur ed, | tf@h@%x&@eahfbaieﬂh@%éé&ﬁﬁ{ bQ:fhelQeaEtQBnaééﬂﬁEién g
at 8 of around 110 to 160 ppm and a peak based on the carbon of an

al kyl group %#SBe@finrHiREr 20-he S8 vgsth was remoyedwagndofife reRth frresin

t hese r It t S
t he abo?gpforn%#gﬁ%Sﬁﬁ ﬁg%fﬁfgdg%gpou%u sF%?éé?%ﬁ%g%b%gﬁ%%dﬁgkﬁgﬁ&y
in the abovebfkaqpheneneEwmnMaiﬁM&iN@nE$éthQEQGEM@moaﬂoEXammdrMHla

was repeated usi 5 g,(324 of the hengz ne conpaund
repr esent ed E)ﬁ)é/)[ arl"%mzlL g?gﬁ 3‘(@6%\) YjaeL%ptfﬁqﬁ)IOfcg&po ngf & yellow
represented £w11@4 the following fornula (32) was obtained as 4.0 g~
(9.3 mmol, yield rate of 2.8 1) of a yellow solid. The el enent a
C28H32025 (C S/ _A8CHz S 7.41 1). When the proton
nucl ear mag

peak based :

peak based on™a proson;at .5 of around 5.0 to 9.0 ppm

8 of ara)énd 110 tg‘hﬁéeﬁﬁﬁpgﬁaoaepgﬁklvatlve of the above formula (22)

anal ysi s val ues of ghis product were 5 77.79 1 of C, 7.50 1 of H and
spectrum was neagygsed, it showed a 24H
s
Further, when the 13C- nucl ear nagnetlc resonance spectrum was
and 46.2 g (265.0 mmol) of diethyl succinate were dissolved

7.37 of S which werg al nost equal to the cal cul ated val ues of
10 at of aroun 0 4.5 ppmand a 7H
neasured it showed a peak based on the carbon of an aronmatic ring at

in 250 ml of tetrahydrofuran and heated to 55°C. A
tetrahydrofuran solution (250 ml) of 29.7 g (265.0 mmol) of
potassium-t-butoxide was added dropwise to this solution and
20 stirred for 1 hour. After the reaction, the reaction
solution was washed with concentrated hydrochloride acid and
then with water, and the solvent was removed to obfain a
compound represented by the following formula (23) as 92.6

g (230.4 mmeol; yield rate of 100 %) of an orange oil.

H5CH,COO0C
| COOH

O O SCH, (23)
SCH,

25



15 based on the carbon of an al kyl group at 8 of around 20 to 80 ppm
It was confirmed fromthe above results that the isolated product was
a conpound represented by the above fornmula (32). 20This conpound is
a napht hol conpound used in the above Exanple 1. Exanple 91

When the operation of Exanple 89 was repeated by using 25 55.0 g
(348.1 mol ) of the benzene conpound represented by the above formul a
(10b), a benzophenDne c!:t&ﬂ}iomtd‘oé tﬁé a]ecpvesmmﬁﬂlabwzehe fiel.loowi @Ro. 4

formula (33) mai oeéalned as 63. ég ield rate of 70 %
of a yel | ow ZBP1Y.° a€§§FteTﬁ %%%obﬁbﬁ&ﬁ 2d&r Pl vet Gtcetiee

above formul anﬁf»éhde&ﬂélﬁe & i dfBlad iAMBIh Afl é@dt&méngﬁﬂélﬁéﬁhﬁcéd
g (4.9 mol) of tris (dibenzylideneacetone)di palladi um

mol ) of 1, 1forp hqudis.t - Bﬁ’??tp‘hle%mﬁamdi)lcffer rt@eeneaahdoelselgt(@m&s
ol ) of ST phohlige Mere dll S9alev @il an50.a! rohabohuens, A rallued,
for 3 hours ter reactlon the reaction 10 sof utton" was

in water, thprsdnlw’enﬂam@mrrle?ﬂmcb(’rby aﬂdrYbEammﬁahﬂednmﬁ)ﬂhQﬁeMnOI to

purified by colunn chr omat ogr aphy to obtai n a benzophenone derlvatlve
represent ed LR & GPIBRPH %P%ﬁ?%anéﬂﬂé§hﬁ7 91 gor15e. formeta (24)

yield rate ojs@2 % gof{s2. ¥yldAW §9k1 8. rdde dB4) %) of an oMSHe il iqg.
operation of Exanple 89 was repeated by using the benzene defivative
represented Qyc ﬂgg@@ov baedcd4) . a naphthol conpound
represented b ¢ grfornul & (35) 20 was obtained as 4.2 g
(8.6 mmol, yield rate o %) of a yellowsolid. 86 The
el enental anal ysj»
of H 2.85 % of of S which were al nost equal to the
cal cul ated val ue r 576. 35H 7. GSE% 2.87 %and S: 6.57
9 . When tt | eBCHipgnetic res Aane spect rum was
nmeasured, it showed a 24H peak based on an al kyl group at 6 of around
0.5to 4.5 ppmand a 7H peaﬁ“ﬂésed on an aromatic proton at 8 of
around 5.0 to 9.0 ppm 10Further, when the 13C nucl ear magnetic
resonance spectrumwas neasured, it showed a peak based on the carbon
of an ai@matic riﬁ@eabo&pohnahoﬁndhélﬂbove]fﬁkmuﬂnzﬁnﬁ )a viaea ld ikapeed edn

t he carbon of .an rou 8. of u 20 to 80 ppm 151t was
Cont § rrod. t row AD0G it 8P BB At LEZTE ) a5 e i s ot g
represented y. 1 ke @ieve o »H Fokhium! Eih@@cmeuwesl adactapt hak ¢
conpound used .in the above Exanple 24. 20 les 92 to 127

Napht hol  corfiSBtttdOs ABANT £ AL vKedt kbF & Reuessy nhhest Adwe inpadte aganhe
manner as | SRl B9u e Y8 G HChER S A o etflgtefr?e@;g}]@hggqumwtcs

wer e anal yzed by using the sane structure ch
Exanpl e189, aqct:.d/v@sidcghfanrwedh_ ®8F¥ter, the solvent was removed, and the

obtained product was purified by reslurrying with toluene

to obtain a carboxylic acid derivative represented by the
following formula (25) as 17.4 g (48.8 mmol, yield rate of
92 %) of a yellow solid.

HooC l OH
‘ O SCH,§ (25)

SCH
20 3

The carboxylic acid derivative of the above formula

(25) and 14.8 g (107.4 mmol) of benzyl chloride were dissolved



that they were napht hol conpounds used in Exanpl es shown in Table 8.
Table 9 shows the el enental analysis val ues of these conpounds, the
cal cul ated val ues obtained fromthe structural fornmulas of the
conpounds and characteristic 5 1H NVR spectra. 88 1H NVR(NWR)
65.0-9.0 714 60.5-4.5 2411 HET S f7-509 3 06-059 65.0-9.0 711

60.5-4.5 1811 0-9.0 60. 5-4. 311 65.0-9.Q 714 -4.5 2711

65.0-9 0 71175038 A 0 NN RS SAEA T 35415 T <A g AT
06- 059 65. 0pdtBsHili Erdbchdrl2bd SRdEP o EhlH@Avtiong2hbated to
El emental analysis values _Calculated values d) It L ES' 6 66 9 SL

PT 017 ET 960 Z1and stdrupg for o hggyrsy) ' fter the reaction, the

reaction solution was washed in water, and the solvent was
5 removed to obtain a compound represented by the following
formula (26) as 24.1 g (44.9 mmol, yield rate of 92 %) of

a yellow oil.

BnOOC I 0OBn

SCH,

10 The compound of the above formula (26) was dispersed
into 400 ml of isopropyl alcohol. 150 ml of an agqueous
solution of 30.0 g (750.0 mmol) of sodium hydroxide was added
to this solution and refluxed for 3 hours. After the reaction,
the reaction solution was washed with concentrated

15 hydrochloric acid and then with water, the solvent was
removed, and the obtained product was purified by reslurrying
with toluene to obtain a carboxylic acid derivative
represented by the following formula (27) as 19.9 g (44.5
mmol, yield rate of 99 %) of a yellow solid. ‘

HOOC OBn

SCHy (27)

20 SCH,

The carboxylic acid derivative of the above formula
(27) was dispersed into 300 ml of toluene. 90.0 g (891.1
mmol) of triethylamine and 15.9 g (57.9 mmol) of
diphenylphosphorylazide were added to this solution and
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stirred at room temperature for 2 hours. 20.0 g (435.3 mmol)
of ethanol was added to this solution to carry out a reaction
at 70°C for 2 hours. Thereafter, 500 ml of ethanol was added
to this sclution, and then 74.7 g (1335.0 mmol) of potassium
hydroxide was added and refluxed for 6 hours. After the
reaction, ethanol was distilled off at normal pressure,
tetrahydrofuran was added, the solution was washed in water,
and the solvent was removed to obtain a compound represented
by the following formula (28) as 15.8 g (37.8 mmol, yield
rate of 85 %) of a yellow solid.

H,N OBn

(28)
SCHy
SCH,

The compound of the above formula (28) was dispersed
into 350 ml of acetonitrile, and 113.7 g (187.1 mmol) of a
6 % hydrochloric acid aqueous solution was added to the
dispersion and cooled to 0 to 5°C. 11.7 g (56.7 mmol) of
a 33 % sodium nitrite aqueous solution was added to this
solution and stirred for 30 minutes. 47.1 g (283.5 mmol)
of a 50 % potassium iodide agqueous solution was added to this
solution and stirred at room temperature for 5 hours. After
the reaction, toluene was added, the feaction solution was
washed in water, the solvent was removed, and the obtained
product was purified by column chromatography to obtain a
compound represented by the following formula (29) as 15.8

g (29.9 mmol, yield rate of 79 %) of a yellow solid.
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OBn

SCH (29)

SCHj

The compound of the above formula (29) was dispersed
into 600 ml of toluene and cooled to -30°C. 28.1 ml (44.9
mmol) of n-butyl lithium (1.6M hexane solution) wasg added
dropwise to this solution and stirred for 30 minutes. 14.8
g of a toluene solution of 7.4 g (47.8 mmol) of
3,3,5,5-tetramethylcyclohexanone was added dropwise to this
solution and stirred at 0°C for 3 hours. After the reaction,
toluene was added, the reaction solution was washed in water,
the solvent was removed, and the obtained product was
purified by reslurrying with methanol to obtain a compound
represented by the following formula (30) as 10.1 g (18.2

mmel, yield rate of 61 %) of a yvellow solid.

CH
HCo |
H4C OH
OBn
H,C
(30)
SCH,
SCH,

The compound of the above formula (30) and 221.1 mg
(0.9 mmol) of (f)-10-camphorsulfonic acid were dissolved in
150 ml of toluene and refluxed for 30 minutes. The resulting
solution was left to be cooled to room temperature, added
to 100 ml of a toluene solution of 4.5 g (27.3 mmol) of
p-toluenesulfonic acid heated at 90°C and refluxed for 4
hours. After the reaction, the reaction solution was washed

in water, the solvent was removed, and the obtained product
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was purified by column chromatography to obtain a naphthol
compound represented by the following formula (31) as 3.7

g (8.2 mmol, yield rate of 45 %} of a yellow solid.

HaC
C
HaC Hs

HsC '
OH
as

SCH;
SCH,

The elemental analysis values of this product were
74.91 % of C, 7.21 % of H and 14.30 % of S which were almost
equal to the calculated values of CpgH3;08, (C: 74.95 %, H:
7.19 %, S: 14.29 %).

When the proton nuclear magnetic resonance spectrum
was measured, it showed a 24H peak based on an alkyl group
at 6 of around 0.5 to 4.5 ppm and a 7H peak based on an arcmatic

proton at & of around 5.0 to 9.0 ppm

Further, when the C-nuclear magnetic resonance
spectrum was wmeasured, it showed a peak based on the carbon’
of an aromatic ring at ¢ of around 110 to 160 ppm and a peak

based on the carbon of an alkyl group at & of around 20 to

80 ppm.
It was confirmed from these results that the isolated

product was a compound represented by the above formula (31).

This compound is a naphthol compound used in the above

Example 3.

Example 90

When the operation of Example 89 was repeated by using
50.0 g (324.6 mmol) of the benzene compound represented by

the above formula (10a), a naphthol compound represented by
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yield rate of 2.8 %) of a yellow solid.

(32)

SCH,

The elemental analysis values of this product were

77.7%9 % of C, 7.50 % of Hand 7.37 % of 8 which were almost

i\

equal to the calculated values of C2gH32028 (C: 77.74 %, H:
7.46 %, S5: 7.41 %).

When the proton nuclear magnetic resonance spectrum
was measured, it showed a 24H peak based on an alkyl group
at § of around 0.5 to 4.5 ppm and a 7H peak based on an aromatic

proton at 8 of around 5.0 to 9.0 ppm

Further, when the **C-nuclear magnetic rescnance
gpectrum was measured, it showed a peak based on the carbon
of an aromatic ring at 6 of around 110 to 160 ppm and a peak
based on the carbon of an alkyl group at 8§ of around 20 to

80 ppm.
It was confirmed from the above results that the

isolated product was a compound represented by the above
formula (32).

This compound is a naphthol compound used in the above

Example 1.

Example 91
When the operation of Example 89 was repeated by using
55.0 g (348.1 mmol) of the benzene compound represented by

the above formula (10b), a benzophenone derivative
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represented by the following formula (33) was cbtained as

6€3.8 g (243.7 mmol, yield rate of 70 %) of a yellow solid.

o)
c
(33)

SCH;

The benzophenone derivative of the above formula (33),
46.8 g (487.4 mmol) of sodium-t-butoxide, 4.5 g (4.9 mmol)
of tris(dibenzylideneacetone)dipalladium, 3.5 g (7.3 mmol)
of 1,1’ -big(di-t-butylphosphino) ferrocene and 31.8 g (365.5
mmol) of morpholine were dissolved in 650 ml of toluene and
refluxed for 3 hours. After the reaction, the reaction
solution was washed in water, the solvent was removed, and
the obtained product was purified by column chromatography
to obtain a benzophenone derivative represented by the
following formula (34) as 47.3 g (151.1 mmol, yield rate of
62 %) of a yellow solid.
0 r/“‘o
N
(34)
SCHj5

When the operation of Example 89 was repeated by using
the benzene derivative represented by the above formula (34),
a naphthol compound represented by the following formula (35)
was obtained as 4.2 g (8.6 mmol, yield rate of 2.5 %) of a

yellow solid.
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The elemental analysis values of this product were

Q

76.39 ¥ of C, 7.61 ¥ of H, 2.85 % of N and 6.57 % of S which
were almost equal to the calculated values of C31H3;NO0,S (C:
76.35 %, H: 7.65 %, N: 2.87 % and 8: 6.57 %).

When the proton nuclear magnetic resonance spectrum
was measured, it showed a 24H peak based on an alkyl group
at 8 of around 0.5 to 4.5 ppm and a 7H peak based on an aromatic

proton at 6 of around 5.0 to 9.0 ppm
Further, when the '‘C-nuclear magnetic resonance

spectrum was measured, it showed a peak based on the carbon
of an aromatic ring at 8 of around 110 to 160 ppm and a peak

based on the carbon of an alkyl group at 8 of around 20 to

80 ppm.
It was confirmed from these results that the isolated

product was a compound represented by the above formula (35) .

This compound is a naphthol compound used in the above

Example 24.

Examples 92 to 127
Naphthol compounds shown in the table were synthesized

in the same manner as in Example 89. When the structures
of the obtained products were analyzed by using the same

structure checking means as in Example 89, it was confirmed
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that they were naphthol compounds used in Examples shown in
Table 8. Table 9 shows the elemental analysis values of these
compounds, the calculated values obtained from the
structural formulas of the compounds and characteristic

5 'H-NMR spectra.
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92
Examples 128 to 130
Photochromic plastic lenses were manufactured and
their characteristic properties were evaluated in the same
manner as in Example 6 except that the chromene compound
5 (chromene compound No.l) in Example 1 of the present
invention was mixed with the following chromene compounds

(36), (37) and (38) in ratios shown in Table 10. The results

are shown in Table 11.

(36)

(37)

(3%)

10
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Table 10
Photochromic compound
Example
Compound Color
No. 36 37 38
No.
Amount
128 (parts 0.5 - - brown
by mass)
Amount
129 (parts - 0.7 - gray
by mass)
Amount
130 {(parts - 0.2 0.4 brown
by mass)
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Phot ochrom c plastic | enses were manufactured and their
characteristic properties were evaluated in the sanme nmanner as in
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in Exanple 1 of the present inventigg:mas m xed with the
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brown 129 Anpount (parts by mass) 2.5 - 0.7 - gray 130 Anpunt (parts
by mass) 2.0 - 0.2 0.4 bromm 94 (A50/A0) X100 (96) 08 T8 at 08 EL 9L
Initial coloration (thernochromsn) 68 68 83 838 L8 88 (nu) 9117
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As shown in Table 11, the photochromic plastic lenses
which are obtained by curing the chromene compositions of
the present invention have a transmittance by thermochromism
of not less than 88 %, the absorption end at 420 nm or less

and very little initial coloration.

Effect of the Invention

The chromene compound of the present invention
develops a color of a neutral tint and has little initial
colorétion, high color development sensitivity, high color
optical density and a high fading speed even when it is
dispersed into a solution or a polymer solid matrix as well
as excellent durability.

Therefore, when a photochromic lens is manufactured
by using the chromene compound of the present invention, it
swiftly develops a dark color of a neutral tint when it moves
outside and returns to its original color swiftly when it
returns inside from outside and has such high durability that

it can be used for a long time.



Fading half period (c9s)Z/ T1 ZS TS 19 ZS Doubl e peak characteri stic
Etvpiv T7T"T 00 T Z9'T Color optical density Os/ L8 0 660 TUT ST' T
(mu) SLS 89T7 9LS 179t a) HO04* EO ai Z k ril 831 631
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CLAIMS

1. A chromene compound having a skeleton represented by

the following formula (1):

SN
s M
()
R2

R1
wherein (i) R* and R? are each a sulfur-containing substituent
selected from the group consisting of thiol group, alkylthio
group, alkoxyalkylthio group, haloalkylthio group,
cycloalkylthic group, arylthio group and heterocarylthio
group, (ii) R' is the above sulfur-containing substituent
and R? is a hydrogen atom, hydroxyl group, alkyl group,
haloalkyl group, cycloalkyl groupl, alkoxy group, amino group,
heterocyclic group having a ring member nitrogen atom and
bonded to the benzene ring to which the heterocyclic group
bonds via the nitrogen atom, cyano group, nitro group, formyl
group, hydroxycarbonyl group, alkylcarbonyl group,
alkoxycarbonyl group, halogen atom, aralkyl group, aralkoxy
group, aryloxy group or aryl group, or (iii) R® is the above
sulfur-containing substituent and R' is a hydrogen atom,
hydroxyl group, alkyl group, haloalkyl group, cycloalkyl
group, alkoxy group, amino group, aliphatic heterocyclic
group having a ring member nitrogen atom and bonded to the
benzene ring to which the aliphatic heterocyclic group bonds
via the nitrogen atom, cyano group, nitro group, formyl group,
hydroxycarbonyl group, alkylcarbonyl group, alkoxycarbonyl

group, halogen atom, aralkyl group, aralkoxy group or aryloxy



95 As shown in Table 11, the photochrom c plastic | enses

whi ch are obtained by curing the chronene conpositions of the present
i nvention have a transmttance by thernochrom sm of not | ess than 88
%, the absorption end at 420 nmor less 5 and very little initial
coloration. Effect of the Invention The cBf7omene conpound of the
present invention develops a color of a neutral tint and has little
initial 10 coB&pPdaPi-on, high col or devel opnent sensitivity, high color
optical density and a high fading speed even when it is dispersed
into a solution or a polyner solid matrix as well as excellent
durability. Thereforke wheomanphebdastindi eactending tanviachuledhidbhbys
using the chronene conpqound of the_present invention, it swiftly
devel ops a daFRPEBFERCEE QYnEUFr§P1£PWﬂnﬂh§ﬁrWFlﬁDJ§%’outside and
returns to its origipal REolor swiftly when it returns inside from
out si de and has igh durability that it can be used for a |ong
time. 96 CLA, onene conpound having a skel eton represented
by the foll owing R1 5 wherein (i) RI and R2 are each
a sul fur-containing su g®l ected fromthe group consisting of
t hiol group, alkylthie o | koxyal kyl t@®) o group, hal oal kylthio
group, cycl oal kyl thi pup, ~agdyl thio group and heteroarylthio group,
(i) 121 is the agav= gX] f ur-containing substituent 10 and R2 is a
hydr ogen at om hydroxy] dR0up, al kyl group, hal oal kyl group,

cycl oal kyl group, a IHﬁxy group, am no group, heterocyclic group

havi ng a 5i ngvnendbir B anodg®i atrenaande bomeddin o-hdealenz efecni ey 10 |

whi ch the heterocychkic group.bands via the nitrogen atom cyang

Oroup, i 1o BrUBR AT CH ARG EEER oy ok FEHT DNt Bt s LV group,
al kyl car bO”Y'hﬁ%be‘f@&PQ%ﬁ@I‘dél]@?D@&ou )| QAP IRBuA! ahkdb group,
group, aral koxy group,_aryl oxy g{oup or aryl group, or (iii) R2is

the above sulBRReRFfG}HF i Qb Sta fifehta adRmembeyr Hidisgan a&tem and
hydroxyl groyp,,fd & th%uBeFQ% Qal-ky 95%1@?)’191&@%‘1&% A W Rr-ou
al koxy group, amno group, aliphatic heferocyclic grouplﬁa Ing afin
menber niLfr odemds vindite bobdedenmtde, bypnengroumg ntidrwhgcbup heformyl

al i phati c heterocycl,ic. grou onds via the njitrogen at cyano
group, MtrCJ%F%ﬁ%,qgﬁ#hﬁyéh ,f%fﬂ?8%ycéﬁﬁéﬁﬁ%%h?ﬂﬁin9r up.
al kyl car bonylalgciza@ldeoxly gabhpnyha P5g&h Gitdm, hakagrp1ahedup Aldlak Woxy

group, aral koxy group or aryloxy 97 group. 2.The chronmene conpound

accordi ng to 9% RIRIH iFOUP Or SapflesEitRy By £RE Fol AHRI Agch
formula (2): jR§ ) [ I
defined in tﬁ’e above f@?ﬂ%%ag(?ﬁyé%%ﬁg%eﬁ %@2{)}2 eglaésﬁfoﬁnqg)g}gé?gefﬁf 3‘13
hydr oxyl 1gr ou@,) :al kyl group, hal oal kyl group, cycloal kyl group,

al koxy group, sam no oup, heterocyclic group having a ring nmenber
ni trogen atoﬁ%323233% eff to the béAkzene ring to which the
p 10
oup,

het er ocyclic gr onds via the nitrogen atom cyano group, nitro

group, fornyl ) hydroxycar bonyl group, al kyl carbonyl group,

al koxycar bonytegedtip R haf ogRn2BY bnPrarRl RY| hgEBLRAT ¥l aBke¥XP - gRoupS a

aryl oxy group ekl a RURI k g%_qﬂ] SRt e I

repr esent ed bygtﬁg&?d%lomﬁng ?grnu 1%?%?? aé@ﬂ,@&ﬁﬂﬁﬁ%eﬁ1§nﬂé&@9
of 1 to 3,

group represented by the feollowing formula (4):

- 4
—EC_C—):R“ (4)

20 wherein R"™ is an aryl group or hetercaryl group, and n is
an integer of 1 to 3,
aryl group, heteroaryl group or alkyl group, and R° and R®
may form an aliphatic hydrocarbon ring together with the

carbon atom to which R® and R® bond, R’ and R® are each



-C-C=CHYR9(3) Rio wherein R5 is an aryl group or heteroaryl group, R
is a hydrogen atom al kyl group or hal ogen atom and mis an integer
Oof 1 to 3, group represented by the following fornmula (4): -ec (4)
20 wherein Rl is an aryl group or heteroaryl group, and n is an
integer of 1 to 3, aryl group, heteroaryl ggyoup or alkyl group, and

Rs and R6 may form an aliphatic hydrocarbon ring together with the
carbon at om t dnsapenden tHnd aRey deogen Rt and hiR@rakeglegebup 9& 1kyl group,
i ndependently _a _hydrogen atom hydraoxyl. group, al kyl group, hal oalk
group, cycl oaMAHGHIHPIT AR 05 Y LG RO a PIACXY. F6RID - Parppyalkyl

group, hydr oxyGarRony&Hkqu gm%blsy h@@%&gﬂﬂbﬂg@b ggblﬁgfgﬁgi{?‘i@élrbonyl

group, hal ogen atom aralkylr group, "5 aral koxy group

or aryl groupgramy  RAliedyRe nimyyilogmeany  ahieglgeinc atiomg kareiliyl3gtroup,
20 ring rre%ber cikbon atoms, con ensedl{)olp%/-ri ng aving_an aronatic
ring or ardmafi&-Herer 8PNy EORaERRedtOR f& A ¥ph&C i ng, hetero
ring having 3ah@ RO drid@®neapefond GF a1abhe@ndensg hdPikg! ¥-Hd B® ring
having an aromatic ring or aromatic hetero ring condensed to the '
hetero ring, FEHPEReFAHPPR aTEnsL3 CHpsielises BatYohlag dmtgdircRrRyatic

and R8 bond, a:i L 2 I inte f. 4, .
when a 52, fueo g hENTE Rer e gty DolipRied RAORL irhdidding,
to 4, a plurahetgrof ribgRBavingey the 2theisgmameabedi Btement or3cdhéensed

chronene conpound according to claim?2 which is represented by the .,
fol | ow nglq‘ gfﬁﬁﬁg-(%?g: gﬁ‘fgﬁg eﬁ4?50ﬂ%tlc ring or gromatlc hegero ring

condensed to the hetero ring, together with the 13-position
carbon atom to which R’ and R® bond, a is an integer of 0 to
2, b is an integer of 0 to 4, when a is 2, two R* s may be
the same or different, and when b is 2 to 4, a plurality of

15 R* s may be the same or different.

3. The chromene compound according to claim 2 which is

represented by the following formula (5):

©)

20 wherein R?*, R*, R®, R®, R7, R®, a and b are as defined in the
above formula (2), R® is the same as R® in (iii) in the above
formula (1}, and R'® is an electron donor group having a
Hammett constant g, of -0.50 to -0.01 out of the groups defined
as R' in (iii) in the above formula (1).

25
4. The chromene compound according to claim 2 which is

represented by the following formula (6):



(5) (R3)a R15 20wherein R?, 124, Rs, R6, R7, R8, a and b are as
defined in the above fornula (2) , R2 is the sane as R2 in (iii) in
the above formula (1) , and R s is an electron donor group having a
Hanmett constant ap of -0.50 to -0.01 out of the groups defined as Rl
in (iii) in the above formula (1) . 99 2 (R8)a Rl wherein R3, R4,

R5, R6, 7 R, RB, a and_b are as defined in the above formula (2), R
is the sanme as Rl = (iﬁ) in the above fornmula (1), and RIB is an

el ectron donor ggoup jravi+RF a 5 Hanmett constant op of -0.50 to -0.01
out of the gh€§p5<g-' as R2 in (ii) in the above formula (1). 5.
The chromene‘'¢dPpoun sdiig to any one of clains 2 to 4, wherein
inthe fornula (2), (6), Rr and 128 form 10 an aliphatic

hydr ocar bon ring togethe ] t he 13-posit@%n carbon atonms to which
R7 and RB bond, and F

:Iip?aﬁﬁc hydrocarbon ring has 4 to 20 ring
menber carbon at opgs-and<nay have at | east one substituent sel ected
fromthe group Pdnsi st ndRo% al kyl group, hal oal kyl group, cycl oal kyl
group, 15 al koxy groupks; am no group, aral kyl group, aryl group and
hal ogen atom 6. A'photochroni c curable conposition conprising the
chronene conpbamdinf RAnR*onk® ofk°cl Bl mR°1 ecamddna@ne 26 PBLREF FBbHee

nononer. 7. hotochrom ¢. optj.cal, arti viL,0ng lyner I

pr oduct contﬁﬁh§ﬁ9£?ﬁ%u£ﬁr§%5héic%ﬁh@ﬂ%dﬁ%gag%yko%g?égﬂglg?hgﬂg %%Q%e
di spersed t hepeiizas (a)¢oashi kiferits nenedectZon Slondnr gptcugalhaaririclae
havi ng an optical substrate all or part of at |east one surfac f
whi ch i s ToaHeumettrenPanmes ofi 1 XohPriki %OFE@ch%HEﬁélpéo‘ﬁ%giﬁﬁd

of any one of ckaifp (10 110,65 diSRETEeEGILr eip. as a constituent
menber. 9. A %gphtho éongound represented by the following formula

(7): R RB (R4)b (7) OH (R3)a R1 5 wherein 122, R2, 123, R4, 122, RS,
a and b are gs def‘j‘['ﬂgdclilrnorggge acbcg)n\lllz?ogr(ljci rggcan(c?J)ng to any one of claims
2 to 4, wherein in the formula (2), (5) or (6), R’ and R® form
10 an aliphatic hydrocarbon ring together with the 13-position
carbon atoms to which R’ and R®? bond, and the aliphatic
hydrocarbon ring has 4 to 20 ring member carbon atoms and
may have at least one substituent selected from the group
consisting of alkyl group, haloalkyl group, cycloalkyl group,
15 alkoxy group, amino group, aralkyl group, aryl group and

halogen atom.

6. A photochromic curable composition comprising the
chromene compound of any one of claims 1 to 5 and a

20 polymerizable monomer.

7. A photochromic optical article having a polymer molded
product containing the chromene compound of any one of claims
1 to 5 dispersed therein as a constituent member.

25
8. An optical article having an optical substrate all or
part of at least one surface of which is coated with a polymer

film comprising the chromene compound of any one of claims



100

1 to 5 dispersed therein as a constituent member.

9. A naphthol compound represented by the following

formula (7):

D

wherein R*, R?, R?®, R*, R7, R%?, a and b are as defined in the

above formula (2).





