-1 DESCRI PTI ON CHROVENE COMPOUND TECHNI CAL FI ELD 5The present
invention relates to a photochromc

thr oneneconpound, anduseandani nt er nedi at et hereof . More specifically,

it relates to a chronene conpound which ils useful as a photochromc
conmpound for photochrom c spectacle | enses, and use and an

i nternedi ate thereof. 10 BACKGROUNDPEEFRIPTION photochromi smis the
reversi ble function of a certainasg pd-ghdbuih changes its col or
swiftly upon exposure to |ight inc?gﬁ?ﬁg u?tra%%l et light such as
sunlight or light 15 froma nmercury lanp and returns to its original
color when it _i [ dark by stopping its exposure to light. A
conpound hav&ﬁgg{qﬁ#?pgabgﬁty is called "photochrom c conpound” and
used as & material ThOrppoSEAEhi peat PbAStetat88SES. a2PhetotRtomic
phot ochrom ¢ conpound used for this purpose, the follow ng praoperties
are requi redehrpnengeAREEEl opnE 316 3R E 67 rtergdidte thegretr arffere
before ul traw,obek; LLght, 1 $rapahbeds(tg %16 ebREhed bRp8iindl Bhikal ;
col oration” ﬁgre?né{:ter 's%oufgg %e Fow, ||°§‘ t he deSr eg o%‘l col or at il(s)n
25 upon exposaeful aubtplotatletonighompoonbef oepbotedhromis spetiacle
optical density" herejinafter houl d_be_hi gh I t he speed from
the tinme MeheﬁﬁgsapﬁF cﬁf?o%inaf &t ¢F 3?"5‘?%‘5'&?:%9!‘_1%&3?: ogt‘arted to the
time wherp the col or optical density reaches saturation (to be
referred to as "col or devel opnent 30 sensitivity" hereinafter)

shoul dbe hi gRACKERYUNReABBeed from the stoppage of the application of
ultraviolet |ight $Q.t8enibiBsned thae 08P R Slit ol &1 bScertain
original state (to be referred to as "fading speed” hereinafter)
shoul d be hi ghmpowhdttHeat dieshatgesbitbt gobdr tawis rlevaponbespbancei ton
should 2 be,high,..a V) .t ol ubiJ Ety.in n r ositi.0
oo on i 1 Ceadet R4t iR Ilééﬁtn%‘g%goﬁg%ﬁ%g B 36 tht
conmpound sshogkémbe ddgduspy Ids drid ditsperssithi Ltbyorigihel heslor when

mat erial in use, becones hi %h. 5As. t he ‘EhOt ochrom c cogﬁound ﬁ/@i ﬁh can
satisfy thesatrEgRYted®htd® HREFLEr LRI cHrd RO SUEFp 6Ond s IREYi Yy
an indeno(2, lohpdaRat hetin 'Eh%?ﬁﬂo?éﬂéfrt Ykecas1bheBAStEchkBhELEON
(refer to a panphlet of Infernational Laid-Cpen W99/15516 and a
panphl et of ¢empewad( onafl waed-Tpen NBL§PYDOAL 6081 Photochromie plastic
preferred th%ngeghot ochrom c plastic |lens conprising the

phot ochr om c”conpound shoul d devel op a color of a neutral tint such
as gray2ar brown. Fordainy mfotadiettinial dompioursl abkdi fied tlyisipirmpse,
t oget her several _different kinds 15 of phot ochroaic ig ﬁungs whi ch
devel op di f{ ERENFOLLPEIRS PEPPEREAaFears VERROTRAS (L8 PhOt ORF SR CF
conmpound (yekbp¥i-£ONBRWINY Noyi it a it PHAYARATdHd ant2hv4dDet 0 it
nmand a purple to blue photochronic conpound (blue conmpound) having
a maxi mum abs®rapPbhedt (660becreborrat oHBGReVeRlthhtnCesPBRtESRT I o
is carried | VAL i p 0 t :

di fference %érp %?%%%r%ﬂl%cﬂ%rq%%er%ife)&s)lébe'gfvxgiaﬁﬁ? e&%%fn%%u%f;ms&v%%tlon
have bees m updntegpdiere Eorutkaaplielewnhénghhe (repeat refieabedii ty as

the yell ow cQ und is. | ower than jhat aof the hlue c und, 25 a

t he phot ochro%ﬁoﬁl%iﬂ%a]ré#?%%%sé’ﬁrfe&n e&ﬁgsgpﬁg,gpgﬁg?%g CCGEISI)a
probl em t hat t hhesglaacelroped chel eimaratkialdne ebpndestiondofA X rdfidlet
strong blue tint. Furt her, when the color devel opnent:

sensitivity hhahtdd wEadpast tof thaet e EiRk dhSoGRICAr P bURt denity
t hose of 30 GQIYRAL e j | € t

during devel%%%%}g%gﬁs%?s a st ;Eg}]g(ttrba)l Eg %%%f%%% tg%?gr %%?ﬁgd%;agdflgr%m Ilats
a strongoyel semstthtity” hereimbfiterosisodbd &e gt ; t(AVS tprobpesdcarom

be sol ved by using a single conpound ich has .two ar re.absorption
3 maxi nuns At hE FREERAT D fe§§8gg?%fhﬁ%@ﬂcé@e? R e oglggﬁeé$r%e
tint (doubl et pRak,HGMRAUENEbmpbundsrkaavast fati dherielinaw seapeulnts ise

referred to as “fading speed” hereinafter) should be high,

(V) the repeat durability of this reversible function should



5 absorption spectrum (to be referred to as "absorption end”

herei nafter) goes beyond 420 nminto the visible range though it has
excel | ent doubl e peak characteristic and practical |evels of color
optical density and fading speed. 10 @I SCLOSURE OF THE | NVENTI ON
It is therefore an object of the present invention to provide a
chronene conipsunighi atd dEVE)] opse sschhlotl Uiy aimeatmeaiongentgonassition
little initial,coloration, high color optical depsity, high go]or
devel oprent 'CahER FhF 5o Th S 505 TREShEay ARASbxrErrEa of *HhE
durability ofhdhetRebnE EoRpORed t seSubAdheani§e dbsephredrén a
mononer conposition which will becone the substrate of an optical
article in dhspprebptbhty athophie host material in uRetPRFOBEF Bi¥hof
t he present inventy rQVi apht hal NROUNGE

manuf act Sr)re of theAsgh%r}%mg%\sgﬁggﬁg’gﬁﬁg%gﬁhtrlﬁ'legg?ggeﬁgﬂi nventl%ﬁ{.hég]'ﬁ
Qt her obj ect sequit-adeans agesecd atrtee kmoese phriomeert compeihds bearoimeg an
apparent fromthe | ] ows ng description. It is_known that C ound
v ng o SUBSIITRRIE: hosl TPRTG bh 1 8t rErn S RAPPRETSbRr | oS LRALY
to the 6-positdPat-and(FepOsitd o ®dm@iilet of International Laid-Open
i ndeno( 2, 1-f) napht ho( 1, 2-b) pyran structure exhi bits high doubl e peak
char act er i st¥@99/he5 5§ hand t yepanpile hgohi FAtererE e YokaidngPedi ity
as us_edlraere[j;,@oi}sé;@afyp_sti tuent bonded to the 6-position and the 10
7-position via an oxygen atomor a nitrogen atom However, although
t he above conpoundithaiss hpupfatodsl elpdale ghtepbetkrini¢ @lastimslens

defects such_as | pw fadi.n ed. |large col or_devel oppent heat_ -at
room t enper at UFR" HFHEY WB@B%SSPEOW i%O‘B%?‘é?‘gd%}PeUrolo‘gﬁSHF Eé? 1T §5eer
referred to @s alhelit Pl itiintcehiohais gfrapyot hromehr anésdr ber £irraitirer])

and low durabjlity. Particularly when the el ectron donating abilities
of the 6-posiitleisapRRt2IPES; PY JH GBS FogeEheE grYCTalt thk LRt e dddifis

the aboye defeclisheaoRB:, PN &ifiled Jeh ddeeldy st i ors,

present inventiton have 20 conducted intensive studies to solve the
above probl efer arhnEie, fooyed loWatocaredrpheheckoppbe ePrgtwid hae ldew

aryl group or_heteroaryl group_int.roduced intq the 6-pQsiti

el ectron don%?m%%%%$ft %%ng%avfnﬁéclén%%%ésfaﬁ%&r?& §Et4§[8) %‘% %)]?q{r?rrgrag{h
than -0.1 i id pottec o bl aetgiteqiasinioaohpsunl @xXiasd tenpound) having
characteristic properties such as fading speed, initial coloration by

p
t her mochr omi & Rl ADFPTRY QHhide 721 aFRAi 7g° hPBh doubl e peak
charact gpi stic. Bieq.uhen theel&otdondanali ngs aldtied dut & this
7-position substituent is increased, the obtained chronene conpound
i s char act ermetdtb@0 varidias preblemwicetons dfefbdi Poe spekterenee i tp
col oration hy the 1 . durabi | | %?I .
Further, th }(1;1 %%#%?$%%82§'1§5%%%§a o%/‘%é%%n%égn‘gé%é&g#%t en ﬂéth%%e
appropri at e yengaikeditdgeclishor t Foavetangld, waege: lendepeht @uradiiiliey

range), ‘the col or devel opnent sensitivity jis hi n he initial
Lol oe i on e the eLTe COrBerE Tha oM Fhap & hak oF o BlUE ey
find a pBot og{y AL HRITRRUIGMR phagtticshiees akl ubbe rEAW NeTRNtS o

a photochromc plastic |lens material and acconplished the 5 present

i nvention. Tieramresurschqzohlan i tydhaaPikkmpdrralissr ghadmedly
equation th ifie | ectri . substi tuent bonded
toan it el Zéél'far Et’sytg e%]%gnf?ﬁe&ga%i%tlgéﬁfﬁ%hg%sg%@?ati on constant Ka
of p-substituted anaAdier actdn Alsuksilidneldvdianpmegnta ssgmadft i@ty and
hydrogen atom _and a 10, sybsiitue havi ng a ¢rpof _l ess than is a

subst it uent IR Srﬂegfr‘f]eP%eF%‘Eﬂ %r&ﬂr?g%“}lré\%l L& yOFRAN- R oRe ot
atom 39  #Ald BAvEh cbheo8asophépe LB S HiNgrowlemAbhahexdest &hring
effect is unknown, it is presuned that this is due to a 15 resonance

ef fect bet wedgvelrpeepodias énsarpndgbéup binketbd oa@lor ghotimafedimg
i ndeno( 2, 1- fﬁ&é%t“&?f&&@f%ﬂﬁ#@! et on. Firstly, the

It is considered that this problem can be solved by

using a single compound which has two or more absorption



. to 14 carbon atons. Preferred exanples of the aryl group include
phenyl group, 1-naphthyl group, 2-naphthyl group, 1-phenanthryl
group, 2-phenanthryl group, 1l-anthryl group and 9-anthryl group. 8
The heteroaryl group is preferably a heteroaryl group having 4 to 12
carbon atons. The heteroaryl group is a group which fornms a

car bon- car bofa Rofdns oget ties ﬁﬁﬂéTdEh%X@mﬁﬂﬁkibﬁﬂ.daﬁbepatantolor of a
Preferred exanpl es of the heteroaryl group inglude thienyl grou
furyl group,n%?F?@ll%ymtg?@ﬁﬁplﬁnRQQKHCQﬂﬁﬂﬂ9d-ben%@tﬁ?eh??wﬁr ¢ the
benzof uryl i h QR
preferably g&ggf d&%&éﬁﬁaﬁ%gkkﬁ¥ijﬁgpﬂgffglgfytEg?gE%Q%?Q?ﬂgﬁ%bove
het er oar yl g:cmmmmmme Thbseifoureed lopmpcwydy bayingrobpghakkysllow
group, hal oal k grou ycl oal kyl ,grou al kox rou aning_group,
heterocyéilccﬁ¥85 RE@F%@ ée??ﬁgynéﬁﬁg}ggi?r%ﬁﬁémgWonggﬁﬁgk%ﬁaed to
an aryl groupapelanyeheseatyb €608pobanyethafethéobyiia tbkoni bpogeal
atom cyano 8rou nitro group, fornyl group,. 15 hydroxycarbon

group, al kyl éensdhy| (BRGiRg %J@%&&%%Wtﬁ#ﬁ@r@ﬁﬁﬁ% WEHEE AR t%ﬁn55° to

L, SLOUs0% ARICH DM By QRS Rl iy (the cavso

descrlptlon I's subsequently given o
<subst i t uent obftHERy@2low coldthepalikpll denspty $opreedrias podaramgical

group MY 9aLekors 8100 AL, LS SRS - hE AL, oo

group, n- bUtyaoﬂED@ppeﬁﬁcchﬂfabtgfﬂﬂﬂlcFehérbﬂhaftgrbup, 25 pentyl
group and hexyl group. The ha] oal 3ro§%i refer nalk
group having 1 to‘%5c%?%dﬁh%ﬁ%ﬁ%r%W%Fsﬂﬁé?? 2 ?V%o? Eﬁh
chlorine atOﬁ&ﬁim?ﬁgnbeetﬁéoﬂlmgrGfeééfgrea@GEiéﬁmQﬁttméoﬁﬁiéabgak
group include trifluoronethyl group, 30 pentafl uoroethyl group,

chl or onet hy| cgmpopndP, chhereehaye peenpkaawnbeonpavndg| hgvong. afhe

i bon dtoneligbny T2 PLOFERARRYR8 (55 RTban SEP KT PRKL s Dchg Hasic
cycl opropyl grkeug:otyah@bhiéylregentpd b thel HpEhdyingrbopmaras (A) to

cycl ohexyl group. The al koxy group is preferably an al koxy
group having(q)to 6 carbon atons. Preferred exanples of the al koxy

group include met hye-GkOURh2lNOXMp SNREE haraP¥8BRAXI0I EBBPimProvement
I SOpr opoxy group, n- butoxy group, sec-butoxy group and tert-butox

gr oup. ofhehanfablgrong Peinbs- | iThatedid.o areHePRRRR) P~ UL
and one Q two h e

t he subszt tu%%?rggéﬁﬁggé% ggggécg'ulp |nc(%n? érmﬁﬂéy 16&§?§Spt%%

6 carbon at oss, Iat&enyt ivoap haydngpéntu061¢mﬂbma)ahaaslowycbbarkyl
group having_3 to 8 carbon atons, i % gu g having gsto g carbon r
atons and he@%?%%?QTeBFoﬁﬁnﬁéEFHth t 0°¥ 224} BEnSRESs 2P Bx 4B BEPTH
these substigygabsl 869 tHE6USANELASALNOEE SEuIEsRd £acf@F 1 §i@nts iHEgh.
substituent. 15 Prefggred exanpl es of the am no group include am no

group, methyl am di net hyl am no group, ethylam no group,
di et hyl am no c@
Preferred exanple

| ami no gro
ni trogen atom and bDp dﬁ‘
bonded thereto via e

pi peri di no group, @
0

pe and di phenyl am no group.

I“c3group having 20 a ring menber
group or a heteroaryl group

at om i ncl ude nnqggollno group,

group, piperazi no group,

{ ndol i nyl group. Further, the

b a substituent having a Hamett

constant up of |esgpddpan OxExanpl es of the substituent include alkyl

groups such as nethyl group Ereferred exanpl es of the heterocyclic

group havi ng a substituent Phds ude 2, 6 di et hyl nor phol i no group,
2,6-dinethylpiperiMi¢hmgmem$ @oop3in@, ReBrésertedniey hyhei Hel laving

9rOUP- 25 rormafa W ArEYER 8’2 Pardgh ¥ oE 2Rt LeAle Sl FUDPYen

WO03/044022) has low double peak characteristic with a

N- et hyl pi per azi
het er ocycl i cHgI®up

smaller absorption at 430 to 530 nm than an absorption at



.. 25 7-position carbon atom of a benzene ring bonded thereto via the
nitrogen atom A detail ed descripti-on is given of the above
€l ectron donor group having a sp of not nore than -0.1. The al kyl
group is generally a group having a Hanmatt 30 constant ar, of -0.2
to -0.1. In the present invention, an alkyl group having 1 to 6
carbon atons5%® parér@uhmrly preferred. 1 to 13 hydrogen atons,
particularly prefergbly 1 to 4 hydrogen atons of the al kyl group
maybe substi ed Py® t he above hydroxyl group, al koxy group, am no
group or 1 @ gepdl i ¢ group having a ring nenber nitrogen atom
and bonded t o—af ‘»l group bonded thereto via the nitrogen atom
described for th i f 121. The above peterocycllc group
substituting th r@ehiical to the 5 heterocyclic group
substituting th ot“ t he heteroaryl group described in
<substituent g % bstituent having a ring nmenber nitrogen

at om and bonde&d Vi a t he !rogen atomis synonynous herei nbel ow
Preferred exanpr8s of the al kyl group include nethyl group (up =

-0. 10) ,|10 et hyl ngcmm?rdetm «:orﬁbcaﬂ)% réxf:mmy&ecgrwmlﬁ@pfal&uﬁ@(

i sopropyl group, n- utyl group, sec-but Qup, tert-bput group (up
= -0.15) , peeRYlayrGip (RdSkek9I2 HETY ¥L ﬁef%er%a%m%% Lgrid-ppen
substituted ghiy) o8 p4D) M q@eg@y%@wa@t&woﬁé% dBthexxARtdylits
group, 15 N, N-di'met hyl am nonmet hyl group and nor phol i normet hyl group

The abové cy@bmeiO@rwﬂmtgem el yefegredptaaws nipkeeypiofon @1‘121”
to -0.1. In the ent, inv

car bon at om e BT TeH) S prerng Aad SRl e iR LBl s
atons, partittledsd yespret Baab| Joudb 2o ﬁealeosﬂamkcogﬁmseﬁmm ];tfrm:tlcal
cycloalkyl oup may_be substituted t he aboye_hydroxyl oup,

al koxy gr oug1 ‘é%')ﬁsndg rh%%%%)ycq? s F%@“ﬁa@?‘%@nﬁ %/Pﬁ‘génenber
nitrogen atom and bonded to a cycl gal kyl group bonded thereto via the
ni trogen atom or hal ogen atéﬂ;dejfrl ed for the substituent 25 of

121. Preferred exa | kyl group include cycl opropyl
group, cycl obutyl group and cycl ohexyl group (ap =
-0.15). Preferred exany sy hsGH;ut ed cycl oal ky group include
4- hydr oxycycl ohexyl gr Owg ycl ohexyl group and 30 4

- nor phol i nocycl ohexyl (¢ The above koxy group is
generally a group havigf -0.3to -0.2. In the present

i nvention, an al kg 1 to 15 carbon atons is
particularly pre
preferably 1 o\
substltutedfb90the above hydroxyhH, gr oup, al koxy group, am no group,
het erocyclic group having a ring nenber nitrogen atom and bonded to
an al koxy group bonded thereto via the nitrogen 5 atom or hal ogen

atom descri he b Preferred exanpl es of the
alkoxy Pou f Qﬁéﬁé&éﬁ:f@égfgﬁéNf%ﬁgl 0.28), ethoxy group (up=
-0.21), n-propoxy i aepthapeford 28)cb] SOPCIBKYE FFeYEnt invention to-
n- but oxygr oup, sec- butoxygroup, tert-butoxy group,_ cyclopro |95¥

ya

group, cycl dHR¥AdKE IChEPERRS e9RPOWedt Wby & wriboPe Rl
group, norb éwérg%y SLoup. ' hals anE’@féka:?i%Qi O&ﬁ%%ﬁge@&y&mx

group. Exanples e substituted al koxy group
nethoxynethoqyt;paﬂuﬂeﬁeityhrnﬁghﬂeaﬁomnﬁﬁﬂ&iqpmﬁnnusenﬁitivity, high

navt ng 35upciaditie Hrdt S Trela Leal N A b b ShRayBE ST TR an

amno gr oup drd¥Edt {ap and 0H0)bOrdds Sobsdd t ik ed rﬁ’cﬂﬂl@@e:@r@btﬁpog:hﬁlon
substituent of the amino group_ is selected fron1a|k¥ group having 1

to 6 carbon vdtigHs WiHdl &ﬂqeme FHeusREFra§e10202R OB %‘é@%ﬁ%&% in a
al koxy grou&&ggu&ghéeﬁﬁké@&&ﬁybon at ons, cycl oal kyl group haV|ng 3

It is another object of the present invention toprovide

20 anovel naphthol compound for the manufacture of the chromene



15 by these substituents have a ap of not nore than -0.1 as well.
<preferred R2> The group R2 is preferably a substituent having
@ ap of not nore than -0.2 because a conbination of it and the 20
above R provides a compound havi ng exceld ent doubl e peak
characteristic and high color optical density. R2 is preferably

sel ected froaohpdunsdybfgtbepprabkokyigvenpiorryl oxy group, amnino
group and heterocygl. c group..having i ol %gg
bonded to the 7- po(g?]??%%b(?ar f6h 95 4 g%nggggggﬂ%r%ggﬁgﬁﬁnﬁ?‘% o
Preferred exaaplebeobm&2appatede Bydmoxyk godlpwingt Hexyrdpodpn.
phenoxy group, norpholino group, piperidino group and. dinethyl am np
group. R2 is pref efaBfyFBORREOGY ﬁé‘rﬂmﬂ’fémdnﬁgglﬁ &i‘sf—lé%lf:b‘e}/]ﬁﬂ?avmg
because igf rﬁ@gﬁ 1ééﬂfér§l§io§1‘§t9&ﬁ};t LOR 18Y-yt BehaBg WO WeNs apds 30ion and
increases the fading speed. The substituént is nore preferably an

al koxy group7-pegfivkgngebupn andevodrolpfdnanbtbedéyetberygradp havi ng

a ring nenber_nitrogen 0 d, bopd t - Lo n

Via the nitr BEBHCEREM SaRTobF W aH Aavels BehrCRgrhLPE-gEe  Thee"
substituent kgbstbtpanti Barangynpgefelabtyon dshdokyggalolpitphenoxyed
group, difluoroam no group or,nnrpholing %roup. <preferred chrogenﬁ
compound> 5GIEreint ke dnhFBhehétushpobinRde fFPhEhﬁrééﬁﬁ?lFﬁQEnFP ntig
chr Onena_c?m”ﬁ??agi&@ﬁe@féﬂa%ﬂ oRYrgleheat Bl OWi N6 kPR atSh. | SHowever,
preferred as it develops a colof "of a neutral tint and has little
initial col ordthonghhthe sbpve epupeunddbasi high doubhpghefidi ng
speed and hi durabiLi ( ( 1 bsiit : R8
of the chrongﬁ%r%gn%gﬁ%éyFéE?Esé%?egégﬁg%ﬁeggggvégf2%&u?§a%§?F%PF?dbe
descri bed helLgrgbetovor <dvelSpmehhebpbiwat f ot nobem (2Qmpd22tuse amder

aryl group or a heteroaryl group. EX |.es of the rou are.the

sanme as thosEOe%ﬁE%%?%%d?/%oﬁlé? %ﬁ%@%@%w&jﬁt ﬁgrﬁgieﬁrgdt @ s
same as japovein?Pi 5% 1dvd o BYVens shoth Aot Zam” Ml resi rd¥ 11 9CRhEM ow
donor group having a ap of not -nbre than -0.1. Exanples of R2 are the

sane as thoséusabibibyed Rgviculaeksryvien oskent act e «nak 9 he
same as above,.. < > - are._e ,

i ndependent | gbégg?é%%)%/ﬁ%glﬁsép,pogﬁE;Pn?%%T P@;%%é%ﬁly?ﬁg%ﬁﬁ?ems are
cycl oal kyl gfaupheal koxyegsedp, thé7abnivaodgfeups hetemecypokecmgrbeg.
having a ring nmenber nitrogen at O€1 and gOﬂged to a ﬁenzene [i NGy,
bonded thereto vial e ntiT obhBRRESHT @) aht® gPbopc™hi tFESgFbop, Pave
fornyl @rpupeohddEexy Caithony varaiiiied kyl a1 Pete g, problems and
al koxycar bonﬁl .5 ]?rou , hal ogen atom aral kyl _group, _aral koxy group,
aryl group ohaugy: @é@f? hadp a2 chromenegemppuR@ odel CIRRaS ANRAT YT IR AN
preferably ap.a Walof r - I
having 1 to @rcié%%%ﬁg%?g%sgﬁ%{;@l %%Ft??gaggu%ﬂﬂgﬁ %gs% }tg%é%i%%r%%%%fg
atons, al koxglgeoupnhdyhag dubet lSueat Hoawvatgrs Haametr gomsprant o, of

het erocyclic group havjng a_.rin er nitrogep, atgm.and, bond to a
benzene ri ngn%Bn‘agﬁetEf@?]gt o%vi agf‘gggﬁ}’lf"?ggéﬁggt gﬁ]e grEyF’gEE 8njﬁ/gs
group hay ngeRct®1éntachhadt efbstabkpxyparboey! sgenups hbad gy 2speed,
carbon atons, hal ogen atom 15 aral kyl group having_ 7_to 11 carban

atons, aral kéRytgrbupohavahgon Py tICERPEBROBE BREADAr JrT 3P bl Rt hif
6 to 10 car bﬁgtg%g%og%gﬁ%/ﬁ@ﬁﬁlgrB@Qkh%ﬁEQQCQeEQS%QCQar@%%lﬁ’éﬁ-the

Exanpl es of e same as those enunerated for R2, the

substituent eletfoandomReti@@RBophbity cafi &tley 7ppekétabhyshhgtituent is
stereoscopical Ly snmall substituent.t rovide high fadin .

Ther ef or e, pé?#%ﬁ?%iiryt T € eq'ar]é_beq?fq'i%“}frheygrc%ggﬁngt g?n ‘(gngagg:égeﬁze.d
Meanwhi I3e, Réni sh#f efter allgud oty egefadliom 6pbedi Sif)tbal adobbest fan
absorbing group as a hjgh fading speed_i.s,25 obtai ned. Wien t he_group
R4 is an el ebYr BReEBISREPHESYr 80F, WHEPALOLY RACSi §XprEMELYbFPhonded

to the 11-pogjL{R0,CaoanLabeptienfdiid Bert B aBbeeatSnddiend 3¢ &8istent

at an appropriate range (not too short wavelength range and

not a visible range), the color developwment sensitivity is



Preferred exanples of the group represented by the above fornmula (3)
i ncl ude phenyl -et henyl group, (4-(N, N-di nmethyl am no)phenyl)-ethenyl
group, (4-norpholinophenyl)-ethenyl group, 25

(4- pi peridi nophenyl) - et henyl group, (4-méthoxyphenyl)-ethenyl group,
(2- met hoxyphenyl) - et henyl group, phenyl-I|-nethyl ethenyl group

(4- nethoxypH@ngn)andrmhendmﬁﬁmmWIC@#Qﬂ&ﬁlqﬂmdﬂﬂ UPfﬂhﬁthﬁQﬁQﬁﬂon end

3 Tt eyl - HenyT -G bp LSS ot haRy et i & PHotBtm

2- (N—nethyl)@wmp@mm@yWhﬁﬁme@ytlng@@ a21beméof@q@ﬁyémemhenybrgaoup,

2- benzof uranyl - et henyl group and 2- N—neth i ndol yl - et henyl 0

5In the aboV%h@Eﬁ?ﬁﬁ%W¥ﬁ)Pl¢aﬁF?s S Jpgte + LpPB %Cﬂ%?@fﬁ%?gé
group a QUPS ose ien

R9. E>§ %‘Iéger Q%?Lt% '?1 0 BTﬁéeuérF}Ee%?e era a]rnbt % r%o%gPl{ﬁﬁé&qagégd
Vi ewp0| nt ofom H:Eheeélsylm&cquetsu@tbnndfhahmtérﬁl@lssth@O@l%@éﬂ@@ffeCt
exanpl es of t sent by the ahove fornul 4 C
phenyl - et hyn?/F aggblgﬁel %(1% t%gllaﬁ‘rﬁtn PhErvA oYt %ﬁl lg]? sis
(4- nor phol i r@pln@&ydismckwwioxgmupta&&-lm pfrp{humﬁnetnyt]e)d bthynyt acid.
group, 15 (4-net hoxypheng/e%i et hynyl group, (4-neth Iphenyl) et hy gl
group, (2- nﬁh@k@%ﬁbﬁ%l} Y drowet 2 i shIYBIgARY 2tGEHuFEn
2-furyl - I I

2 benvottl ery L aPhSre SRS O JE AR L o X oL e b sge hayring
2- (hknethyl)hn@h¢yleb¢©§h®m deraping ablliexampiesa ofydredery:teghoup
and the heteroaryl group represented by R5 and R6 are the sane as
those enunerated for 121. Exanples of the alkyl group are the sanme as
t hose enuner at ed fRrthdiegts st ixtetaemn dbrRébt2iREngnsu&s aamriExpraritsl

together to forman, aliphatic drocarbon ri ng_together wt
carbon at om BbHeRY 1HeFsown, 1e' £ E*%?%T?@dt%ignﬁ?%§ bf &“% to a

al i phat hg hydi 964008 &1 Adct NSéEHEeAUERENG P8 it Idn RF$YCyBBPASE
ring, norbornane ring 30 and fluorene ring To obtain

excel | ent phatoeteanyt ﬁ@mramcéstf(wme@cb@akl-cﬁﬂmw G i Ry ran
fadi ng speedgkef%téﬁast one of R5 and R6, preferably both are each

desirably an aryl group or a heteroaryl group. Further, at |east one
of R5 and R6, 20 pimdtelablthebptrhsane bacdnidesn riabhyclhngmene agmpdigld

foll owi ng groups rouR.or het er oary o]
havi ng an aJ@?? ﬁéﬁ%ﬁkﬁ}ggﬁ%aFéggﬁ 5%83 58@#??68ﬁt£%9TV#§ Gy
group or hetepoar group having an amino group as a substituent
(rii) aryl grouplb het eroaryl group having a heterocyclic group
having a ri ng r Tt rogen atom and bonded to an aryl group or a
het eroaryl grs e 10nitrogen atomas a substituent I n
t he above aryl —gr owp i), the substitution positions and
the total nunber of YHe pstiltgants are not particularly limted. To
obtai n excel | ent photochr dperties, whem the aryl group is a
phenyl group, the 1 , t i position is preferably the
3-position or therd- posytion @d the nunber of the substituents is
preferably 1 to 2|{ Exanqpl es of the aryl group include 4-nethyl phenyl
group, 4- nethoxyo-Jth/aroup, 3, 4- di net hoxyphenyl group,

4- n- propoxyphedyl gretp, 4-(N, N-di net hyl am no) phenyl group, 20

4- (N, N- di et hyl am no) phenyl group, 4-(N, N-di phenyl am no) phenyl group,
4-nmophol i nophenyl grrup, 4-piperidi nophenyl group,

3- (N, N- dj et hyl | do.
4~ (2,6 dlmet ny1 pi ot FACAOPICAST RoBa. 17 P EhSFE Rep JptEomey
groups (i) t@r&tqbbl ) R% he 3h substirbut veROROSHOURNhagidgt he Haainalk t

nunber of the substituents are not particularly limted. The nunber
of the subst¢omehanrt g pfehetapeyel thepef-@r.ded exanpl es of the

heteroaryl group 'é@%éﬂﬁﬁf{r?ﬁé"ﬁ%%§%ﬁ@yinﬁgﬂ%Ebn is a photochromic

curable composition comprising the above chromene compound

25 of the present invention and polymerizable monomers.



~In the present invention, exanples of substituents of R7 and R8 are
each preferably a hydroxyl group, alkyl group 15 or al koxy group, or
forma ring together with the 13-position carbon atom bonded t hereto.
An exanple of the alkyl group is a methyl; group and an exanple of the
al koxy group is a nethoxy group. Qut of these preferred substituents,
R7 and R8 pref er abhyi @11 arké ngré &8t hekvaht Yo hes 13- RSt béRPoRaE bon
20 atomto accelerate the fading speed and reduce initial coloration
by ther nochreptiaprhiarelebe diaving W grlyoesr nopdpdapradnet t§onfrining
doubl e peak cpar éﬁ{cﬁﬁtéﬁ% 8c>m§e &do@tﬂéeé%é £¥ Rﬂ(zgh&%naaﬁﬁersed
al i phatic ring or e oV ensed I'C ring havin

aromatic ringherean 25 aroombtitheherwembag.condensed to the above

aliphatic ring as the_ fadin ed becones especially high. R7
T aul &1y of ha B fre s RIS TP r s RaRt dxfiant 1BeP % ahcsl

speed beconegrte18i gheshg A opiittadl sGBEEFAEE0AL DYort rrrtoe!ﬂr@m:@éast
reduces. 30The partlcular?y preferred aliphatic ring formed by 127
and R8 is ancmeipHace pfdivec Borcoard wiitd 2 molamematie containing
hydrocarbon {400-RL8hehablynBatnd b8 efle’ hPEsUREDELVCALRAN 81 08Brcea
This aliphatic hy rocar on rrng may have at Peast one substit

sel ected frouhéheigragpacoasssitugnofmankglr. 23 group havrng 1 to 6

carbon atons, hal o avi ng to 6 rbon a

oroup i g 3 to 5 e DL PR IR R i T P hGoR 45 R v
atons, anmi nocerh%aendmdwllsgém ﬁ\éttleﬂﬁlai EGmddur@riantBe GFoddtion
group having 5 to 10 carbon atons _and hal ogen atom This
substitut ed @f i phat FereperecaPBeauringti shel BEepeBE et PEERE BBl es of
t he al kyl group, hal oal kyl group, cycloal kyl group, al koxy group,

“am no group, aralkyl group, aryl group and hal ogen atom are the sane
as those enurBgatMODEOFOR2CARREINGLGUTt TEBHt INVERTI®RY and R2.

Mor e preterred ex | e of t he allﬁhatlc drocarb ning glud a an
monocyclG rings such® pERFRTEN RE, TS SIS &Y HEl s
cycl ohept anelﬁa@ﬂo(gym@pﬁapnemmgz anﬂppyehoooﬂ@@mﬁ Ngepiesaretiead by
rings such as norbornane ring and 15 bicycl ononane ring, and tricyclo

rings such aShedrRY’ aﬁfé’f“i“i]rfg (14 i&sh &tec ﬁ;‘»”dFoEa?B‘éﬁoPl ng"%hehéi}'rrr@“eé’te
| east one | ougg @uﬁlﬁiloﬂr 2 &éae&tornteﬁelserme 8hO0gBy$USPRS or a
met hyl group are al so pre erred Qut of these, a nonocyclo ring

exhibits a paeterokunyl yrxgebkerite &-fostitdeon pfr@@@@umskeéetgn and

coloration by t ernochro smwhile retaining_high color optica

densi ty20hi gin S BB, PevEpS, A ANTRE S Gl e da of not
In the presenbré mtent l—on;L atreh@)stppseteoﬁeotleaqaew a&kdfngt be p’dsng]_ble
formed by bondi ng together the groups_R2 and 25, to her W h

13- posi ti on tar&evS PR BeREe CTHY eth %rleelrtr% b e
fol I owi ng fofé@aﬁln#%fc}éqlfe@tl bPGchPEIYE Fhoddi® 16 bOﬂ (ﬁaté?ﬁ?fﬁtl%n
position denoted by 13 i1s the 1 posrtron carbon atom of the abodve
pyran structisefirst given of Rutarst R’hénalsdee fowmudgpcl(d)rings,
cycloocégne ring, cyclononane ring and 3, 3,5, 5-tetranet hyl cycl ohexane
ring 5 e nost preferred. (preferred exanples of chronene conpound)
In the preses's nvention, particularly preferred exanpl es of the
chronmene conpound are the following 10 co C)...
(identification ofRcHPéREBNES D tuent Ia?dbEHeFﬁ? GTERg%ﬁﬁQﬁhéﬂe
conmpound of the ﬂt@éﬁatzlfvemé@@thé X5 ShEHIrAS Sr@ehiAiBld Gn ld.ght
yel low or light 5 green solid or viscous [iquid at normal tenperature
and normal presyprer apdhebereRrrbndrewRd by the fol | owi ng neans (1)

CH MNRPOB (e onite i DIaLAlL (e SR JANGY ' BAPL USRS ARG

aromatic pr ot ® . anckathen paobes. ofPraT ateah esappdars adf &hef aarydunrck-dug)

to 9.0 m and peaks based 5on the protons of an al kyl and an
PP incf de phenyl group, 1 pnaphtgi ]? group, Zy a%)ht vl group,

1-phenanthryl group, 2-phenanthryl group, l-anthryl group

and 9-anthryl group.



10 tenperature is preferably 0 to 200C. An aprotic organic sol vent
such as N-net hyl pyrrolidone, dinethyl formam de, tetrahydrofuran,
benzene or toluene is preferably used as the solvent. The nethod of
purifying the product obtained by the abagve reaction is not
particularly limted. For 15 exanple, the product is subjected to
silica gel colum Th iHdteatd=arylang ol i Sasreiatdhied abjietercaryl group
re-crystallization. The napht hol conpound represented by the
above’ f or mul B3Y5RIi% Epr by ic@edP a2 oMy el T ﬁﬁ&&’?&’%ﬂt%%?és%ﬁtgro@

| nvention. et ghizedex Rl eRrlodiRd B0A Ml ROBOpICh Rl eSS G

by the above fornula (5) are conpounds repreSented by the follow ng
f or mul as. @8rboGrBom. @Sferre@Examples @itz yhetmirdnyl group

conpound% can gfué%nngéizfd based gnrrgacgion nethgd;ide criggd in
r esbar oh paptPe  BUBhCAESHY FoARRRRL BNTYht SFREPT Rkl * D41 Y PperouD-
W01/ 60881 apdradpanphbed, obehpbehiahiydngkolipl doheofWBOD/ §28465and

5The napht hol conpound_ represented by the above fornmula (5) can be
synt hesi zed BERFSPYHHRLIIFYE SXaHBt e. First of all, a

carboxylic acid repesgpithdly ddisd oldr@Wdg 19 uka ﬂ7ﬁy&'§c\/%@§_atoms
purchased as a commercially avail abl e product or may be 'synthesized

based on t heofioOtheldlowivegadpt uderis PRLddbeve dreteroalefl racbum ndie

above fqryul ' | or ] 0 onj t |, odi t

or the S B oo et S hf & RYRERE Brotho R IRyt ot p i LfeEb e
brom ne at omyréwd) neyaloalkylt eosppeakoxp gsold, | amihe §ooup| a
(2)). (R3)a (7 HOOCX:, 15 . For exanple, a carpoxylic acid
repr esent ed ]é?rt%ﬁ%cﬁf%f%%m%%ul?o]ﬂ%’ﬁﬁg(%)rjc% BIURE ChaRESR afom and

comer ci al | y,gN@eh 3k anPapiYGroup oHQPHd t2bA1F1 & Bonded thereto
carboxylic acid represented by the followng fornmula (9) can be

synt hesi zed bhs édieonl brp@eR BiteM nEYABE TR i BéHTrPror@idaf eRMPASEID
such as ,Jour f i oJo{! \ - 27 he
conpoun& (7) srgﬁ%%%f?égﬁyhﬁghggigigkﬁgfggg%%g %gﬁﬁﬁ'tﬁﬁﬁﬁﬁﬁca vl
chloride or graly| lkalogédeatome acatkghl grode, i sratkhokpdgnodth, aaryl
Gignard reagent to groguce a conpo%ﬁg S represented g% t he L ||Qmﬁq9
formul a (10)9%F%8P TP TELOKY IHE Rief ArESe Fhtk htCRns, 8 PEFAIFS ?12)93)"8,
and then wheps Xdnawdl 3Zoat re€aghsa chlorine atom broni ne atom or
iodine atom they are converted into desired R3- and R2 by naking use

of a Suzuki-Mura reaction or a Buchwal d-Hartw g cross-coupling 10

reactiog,to Q%ﬁé | PSP represented by the follow ng formula
(11) . 20°° & e@% ove c%ﬁ%%ﬁ%d (11) is subjected to a Stobbe

reacti on 15 and a Theldldatl @rowacis @r<emdilagr rma Ldgpowgmbup having

represented py the foll ow f or nmul 12) .. 2 1.]ln the

Conpound of 1178 PoPREPEA(TOTER (RFEF b HEVVEF Proftd T agt eroup

conmpound usefthdudé teShelbsr 6€8 ¢ i1 gh@ﬂ%{ td@@mogﬂau? 12)sdpropyl
0

hydrol yzed by using an alkali or acid to ain a carboxylic acid
repr esent ed HPHhe FOPHeM g BB or FEF 208} . I0OWP ( 18§t dpprtyl group,

25 pentyl group and hexyl group.
The 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,
30 pentafluorocethyl group, chloromethyl group, 2-chloroethyl
group and bromomethyl group.
The cycloalkyl group is preferably a cycloalkyl group
having 3 to 8 carbon atoms. Preferred examples of the

cycloalkyl group include cyclopropyl group, cyclobutyl group,



(R3); Rl The carboxylic acid is benzylated by using a base such as
pot assi um car bonat e and benzyl chloride and then hydrol yzed by using
an al kali or acid to obtain a benzyl protected carboxylic acid
represented by the following fornula (14 O00H (R b (14) OBn (R. Rl
10 The benzyl protected carboxylic acid is converted into an am ne by
a nmet hod sucbyasofentylisgreapr angeapnlohéyimgnoupar r angenent or

Lossen rearrangenent, d a diazoniumsalt islprea d fromthe am ne
by & method Known TR kKO 9¢ Pl Bt SR LY Sk BrberYed: PHP Ay 115
bromi de throughy @ d8riSeAEMNRS . I edelfieef el ekBpl bkenf améd hhRoRPtptdEd

brom de is reacted with magnesiumor |ithiumto prepare an organic
met al conpoubAClT@E sSMOERANY cIHEHRl €BRPBUNATPELr eBCPEAPAKY hIHORR One

repr esented | Qwi far 1 7 _ f Lhed
in the atg’gve9¥8$9n§¥’é£#2§¥bg?’ @oﬁ?{%&%cé%%&go gﬁgoﬁg‘éﬁf‘g gg?ggn%tﬂ or
10 m nut es tbedthoutsxpndrdten subjected to a debenzyl ation reaction
wi t h hydrogen and pal | adi um carbon to obtain a@ al cohol regr es?nﬁﬁg
by the fol l owi ng 7 AN BEPUP 1S BOR Bt UM IFEHE: oo
this al cohol gh8 &3&TbLOARYt hddrdfeh OadARE F108rdOF Maptes @bk hawed.
under a neutral to acid condition to synthesize a naphthol conpound

of interest F¥presentaldtby swWeshbbwent afntihg 3mino gneuméngbpde alkyl
reaction,, th Gt i i b r gani O?QQ '
10 the Egtongrégr%és\gﬁégf bé)}) ?iectaa 8\?/169. glrm%ﬁl gm({%%(?e%gbgﬁe er"glllttlyyi to
sel ect ed froénamntangetofmsl: ¢Pcloalbyl drmimbhavitigo} to Bhearkauntdtmms,
tenperature is preferably .-80 to 70C. An aprotic or i c solvent such
as i et hyl * oTREY SADHE ARVATE G BR. DA G QBRI Ere Bl e
used as 15 thgvsedweab. 17 keddredebmé) aftgangbed ot héséhaisdtcoints
represented by the above fornula (16) under the peutral to acid

condi tion i s2he e 48Ny RArFIRRE ARUIRFAtShioantagPd bt a?f%itjstt}l%‘%s
acetic agid, %':Pé!f'éPfé'& Uk @b &l o5 Wi amqnacggougeﬂﬁemﬁagl SRS AGD,
p-tol uenesul fonic acid or "acid 20 alumna. The acid catalyst is

pref erably usethyhaminangoep of dOnathyl i pa rgeody. viedlghtamiye dravp,
100 parts by.weight_ of the al coh of -t he ab o] | .

this react | SHSaiabies Sufybni eoely v dibus F R, dinittriatio

benzene 33 g@rowpl uene i s used. The propargyl al cohol conpound
represented by the above fornula (6) can be easily synthesized, for
Cxarplor by react | TP SRR ROIIE GTs DA (e S 9
formul a6) i ffhﬁ B r oI RNE GParadheHaBaasol bhhatM group or
acetylide. he chromene conpound of the present invention which
i s synt hesi zadheedezty] bedoupovendéd sehgretaeriai khan bt uegen yaton
organi ¢ sol ve e or 0 a

Wnen the ohr SReRStE nSSRRa HIB ur S CPLEE 1 2ing oot rbT i B M e
di ssol ved i gitds, selpenizihdbegobia) Nednsohyl pbpetrszipoegadhy ahdost
achromatic anpd_transparent and shows aqpe cell ent ptochrom c

function t hatP9elHe el FrUR- Ororiehi tHhs X TEYR JRY Ve
15 or ubtravi i r.Si i i phnal

achr omali2 |%c sétl %@%ﬁ%@@g& ‘{olﬁ(;ggk% rl;fg%l n%ﬁlrgetq% :‘yoﬁlt%.tta((hé:otrfﬁi (ﬁlgltiﬂt%)én]éﬁv&l%aﬁ1 0
anot her phot&ctmphte ebnplosnaulat i Haegh %h@%@ﬁl‘?oﬁa}ﬁﬁlc%@éﬂﬁdswht%

t 20 i i I j ' I it
My Do used THCRRESAE on AR aa FaARRer o e, ALEbeBbybl B¢ Jrodd
obt ai n vari cusvied @& subegquditnettasnal piet Dedr dbmet hehsorpinyl kmowroup,

conmpound maybe used wi thout restrictions as. the photochrom c conpound
to be conbi n%dsvﬁjt‘ﬁ?ﬂ@kﬂﬂjpﬂ’%§1%$n?h%r‘?%pp%‘?ochron1 c conpound i ncl ude

ful gi degof ul 9j M gles - SOt ¥ LAX LRI NS ELL IO NBRGup . QUt of these, a
chronene conpound is particularly preferred because it can keep a .
col or uniform at tThe glkEleprbonyl o spRuRisrrP Haanig Xtdrrbonyl

suppress a Cé)zl:&ﬂp ig.krflhgaﬁ ttoh'? cta.ir%%noét&% or ﬂee\ﬂieér%@ Qka[qﬂfeg%ﬂet}%o%o

include acetyl group and ethylcarbonyl group.

The alkoxycarbonyl group is preferably an



. conpound of the present invention or another chromene conpound shoul d
be 0.001 to 10 parts by mass based on 100 25 parts by mass of the
total of all the polynerizable nononers. Stated nore specifically,
nore preferably, in the case of a thin fipmsuch as a coating film
(for exanple, a thin filmhaving a thickness of about 100 pm , color
shoul d be coatkekiedrbynusidupib G itngr 3. ﬂophbb&bbm aasssof EJi‘EeEerred
chronmene 30 conpound of the _present invention and 001 to 5.Q parts

by mass of afbtHeteentbaERel coRpoUra B%EEaxxﬁaEB@n§&r9§°B§ ﬁﬁ s of
the coating éthgk?&a§$&n9i épgufolynerlzable monomers whi ch provide
the coating fil In the”casSe of a thick cured material (having a

t hi ckness of 1 nanwamm&@s ¢Hrthexappleyen apen carer fkwenlge hrtom,

controlled b s 01 t chr onene
conpound%bf %%g %seﬁ Thv 8?%%éa%g6%_gﬁq”?§abﬂé %§§? by mass of
anot her chronene cm@auradklgasgdom i 308 et b by amesisa Tty 1 eotpi lekving
cured material or all _of the 5 pol ri zapl e noponers whi ch &y V|de

the thick cuf&® HhCErPIR 24 LPahi HEHEFELRXABREEREF WHE AF A

t he chronene; t e$8idin i@ thiMedptd & (2 Ak
e e e e e R R Rt E’%Wé’* i
follomﬁng uIph@NYbbetth§b®bEn@ndopﬂpbéhY%methlZEFOBP ant i oxi dant .

As the ItraV|oIet ) u o) S
such asﬂbenzophenonlggb%%%%}% &% f%%% % %z&%{ QJIE')ase(?i)@Ys éP&Ef;
conpounds, cuaﬁﬂﬂgrylabelbae&ﬂbonn@bumds Rie et bepssentp Josspmil nckse
and benzoat e- based conpounds. acryl.at e- based cogpou d
benzophenoneaﬁ%%%ﬁxxdﬁgﬂﬂ% ‘%ﬁ%f 3@?@&&P&&i§rBP8f%?$p PP egfhoxy
above ul traviph absorbent is used in an anmount 20 of 0.001 to 5

parts by nmass based on 100 parts by mass of the total of all the
pol yneri zabl e nondWes s2¥ViE| TPy T hePEHFORENLY RPN %ﬁoumélap‘f@garﬁ

o the a1 ol R e e e e s o Bhrl © ey 1 ik el O

t he 25 anti okichunde phkeery it geoapomerrmﬂmi'@fl grabplarzce e -aaghthyil oxralgnt
are each used in an anount of 01.to 10 par based an. 100

parts by mass of t eﬁWiP’%’fgﬁﬁ"ﬂp ﬁﬁ@%ﬁ%@f’iﬁ%‘l aerifsrsb%%’r’gup aving
i ncl udi ng t he tehf @ ERRBcERSHNd @fretfh:&rlérdeéﬂ&lﬁplély@ﬂtli@arﬁﬂaky group
produce an effect. 30 (use of chronene coggound ghotochronic

CONposi ti on HRHRLS| PRCRASY cHF SR nel cHOMPBEABKYT IFAEP prBd eAr LRRFERPT YN
and a c?ronqgg g@npound represented by the above formula (1) (17) or
(18) exhibit t he sane phot ochrom c properties even in a pol yner
solid matrix. The polynmer solid matrix is not particularly limted if
t he chronene conpound.o the present invention can be uniformy

di spersed t REPEFHSEERR I%es of the pol yner 5 conmpound optically
preferred for the mbwhé@rb@ ’rlanlalq}lugeoﬁbefmmgastucsmaﬁmn
such as nethyl polyacryl ate, yl yacryl ate, nethyl

pol yret hacr y} a@®s b%h9¥65%¥§%§thﬁﬁﬁyﬁﬁtét PBPYL4SF eReCompound having

pol yacrégoméﬁé%acr ld)b\ﬂﬂnél @E&%r&@@éﬁ’ﬁé’t’f:}’é am’I‘E')eobéglﬂ(Eébécz?ally

hydr oxyet hyl et at e pol ydi met hyl si | oxane and pol ycarbonat €.
A phot ochr ormccebh@msldqmec@aaal shabacperpattd dngd hiighngotpe optical

hot och ti h
brosont i muekTROR B (h. AP EHERAC oREBIRCOA oL Bt EEen bty Phe

above fornmul gufdyitutdd)ppeféd8h1w b ¥ agibssi patybehazahy ea nRaGHet S
before pol ynerization to prepare a photochrom c curabl e conposition
and pol yneri@@rh@t%m Furd g‘ 00 Tatnere &P chaes Thaterd alPadit @t Fmy

the pho chr e [ 0oF
obt ai nod by SoTSEERTEyny nRuik] ELEDE FATRR SHARNELE fofPiate &0 o
conp05|t|on ﬁbnﬁﬁlqm‘m@rEhEOph©$©c¢hann19 -GonpBshtidrmare tdne Pridsmily.
I nvention and ‘5%3}108%88'9{15@{ atb'c?bEFD”O L3t one grod% 8*@9&88*@5%0%
the group consisting of hydroxyl group, alkoxy group, amino

group, heterocyclic group having a ring member nitrogen atom



- 15 1;2-bi s(net hacryl oyl t hi 0) et hane, bi s(2-acryl oylthioethyl)ether and
1, 4- bi s(met hacryl oyl t hi onet hyl ) benzene; acryl ate and nethacryl ate
conpounds such as nethyl acrylate, nethyl nethacryl ate,

benzyl et hacryl at e, phenyl nethacrylate amd 20 2- hydroxyet hyl

nmet hacryl ate; fumarate conpounds such as diethyl fumarate and
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1 to 4 hydrogen atoms of the alkyl group may be substituted

by the above hydroxyl group, alkoxy group, amino group or



. 10Chronene conpounds shown in Table 1 (Exanples 2 to 15) were

synt hesi zed in the same manner as in Exanple 1. Wen the structures
of the obtained products were anal yzed by using the sane structure
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OCH3
heteroaryl group described in <substituent of R'>. The

substituent having a ring member nitrogen atom and bonded
via the nitrogen atom is synonymous hereinbelow. Preferred
' examples of the alkyl group include methyl group (6p = -0.10),
10 ethyl group (6, = -0.20), n-propyl group (6, = -0.12),
isopropyl group, n-butyl group, sec-butyl group, tert-butyl
group (cp, = -0.15), pentyl group and hexyl group. Preferred
examples of the substituted alkyl group include
hydroxymethyl group, methoxymethyl group,
15 N,N-dimethylaminomethyl group and morpholinomethyl group.
The above cycloalkyl group is generally a group having
aop,of -0.2 to -0.1. In the present invention, a cycloalkyl
group having 3 to 20 carbon atoms is particularly preferred.
Further, 1 to 39 hydrogen atoms, particularly preferably 1
20 to 20 hydrogen atoms of the cycloalkyl group may be
substituted by the above hydroxyl group, alkoxy group, amino
group, heterocyclic group having a ring member nitrogen atom
and bonded to a cycloalkyl group bonded thereto via the
nitrogen atom or halogen atom described for the substituent
25 of R'. Preferred examples of the cycloalkyl group include
cyclopropyl group, cyclobutyl group, cyclopentyl group and
cyclohexyl group (op = -0.16). Preferred examples of the
substituted cycloalky group include 4-hydroxycyclohexyl
group, 4-methoxycyclohexyl group and
30 4-morpholinocyclohexyl group.
The above alkoxy group is generally a group having a
opof -0.3 to -0.2. In the present invention, an alkoxy group
having 1 to 15 carbon atoms is particularly preferred.

Further, 1 to 31 hydrogen atoms, particularly preferably 1
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to 10 hydrogen atoms of the alkoxy group may be substituted

by the above hydroxyl group, alkoxy group, amino group,
heterocyclic group having a ring member nitrogen atom and
bonded to an alkoxy group bonded thereto wvia the nitrogen
5 atom or halogen atom described for the substituent of R'.
Preferred examples of the alkoxy group include methoxy group
(op = -0.28), ethoxy group (6p = -0.21), n-propoxy group (op
=-0.26) ,'isopropoxy group, n-butoxy group, sec-butoxy group,
tert-butoxy group, cyclopropyloxy group, cyclobutyloxy

10 group, cyclopentyloxy group, cyclohexyloxy group,
norbornyloxy group, l-adamantyloxy group and 2-adamantyloxy
group. Examples of the substituted alkoxy group include
methoxymethoxy group, N,N-dimethylaminomethoxy group and
morpholinomethoxy group.

15 The above amino group is generally a group having a
op of -1.0 to -0.5. The preferred amino group may be either
an amino group (-NH,) {0, =-0.66) or a substituted amino group.
The substituent of the amino group is selected from alkyl
group having 1 to 6 carbon atoms, haloalkyl group having 1

20 to 6 carbon atoms, alkoxy grouﬁ having 1 to 15 carbon atoms,
cycloalkyl group having 3 to 15 carbon atoms, halogen atom,
aryl group having 6 to 10 carbon atoms and heteroaryl group
having 4 to 12 carbon atoms. Examples of the haloalkyl group,
aryl group and heteroaryl group are the same as those

25 enumerated for the substituent of R'. Examples of the other
groups are the same as those enumerated for the substituent
of R®°. Preferred examples of the amino group having one or
two substituents include monoalkylamino groups such as
methylamino group (o, = -0.77) and ethylamino group;

30 dialkylamino groups such as dimethylamino group (6, = -0.83)
and diethylamio group; monoarylamino groups such as
phenylamino group (o = -0.11); diarylamino groups such as
diphenylamino group; halogencamino groups such as

difluoroamino group; and haloalkylamino groups such as
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Table 1 (continued) Exanple No. Raw materials Product Yield rate (96)
Napht hol derivative Propargyl al cohol derivative 6 H3c cH3 cH3
441111 CH3 40 alOH millr H3cO 140 oCH3 ii. HO* OCH3 H3C cH3 .40 cH3
110 H3cO 4040 41110CH3 cH, ocH3 71 7 H3€scH3 a CH3 eir CH3 40 askOH
3 CO0 4111r 4040 CCH3 * HO a ocH, CCH3 OH H fitt c )
bis(trifluoromethyl)amino group.

The heterocyclic group having a ring member nitrogen
atom and bonded to the 7-position carbon atom via the nitrogen
atom is generally a group having a op of -1.0 to -0.4.

5 Preferred examples of the heterocyclic group include
morpholino group {6, = -0.50), piperidino group {(op = -0.83),
pyrrolidinyl group, piperazino group, N-methylpiperazino
group and indolinyl group. Further., the heterocyclic group
may have an alkyl group having 1 to 6 carbon atoms, haloalkyl

10 group having 1 to 6 carbon atoms, alkoxy group having 1 to
15 carbon atoms, cycloalkyl group having 3 to 15 carbon atoms,
halogen atom, aryl group having 6 to 10 carbon atoms or
heteroaryl group having 4 to 12 carbon atoms as a substituent.
Examples of the haloalkyl group, aryl group and heterocaryl

15 group are the same as those enumerated for the substituent
of R'. Examples of the other groups are the same as those
enumerated for the substituent of RZ. Examples of the
substituent include alkyl groups such as methyl group.
Examples of the heterocyclic group having a substituent

20 include 2,6-dimethylmorpholino group,
2,6-dimethylpiperidino group,
2,2,6,6-tetramethylpiperidino group, 2-fluocromorpholino
group and 2,6-difluoromorpholino group.

The aryloxy group is generally a group having a 6, of

25 -0.5 to -0.2. In the present invention, an aryloxy group
having 6 to 10 carbon atoms is particularly preferred.
Preferred examples of the aryloxy group include phenoxy group
(op = -0.32) and l-naphthoxy group.

The aralkyl group is generally a group having a op of

30 not more than -0.1. In the present invention, an aralkyl
group having 7 to 11 carbon atoms is particularly preferred.
Preferred examples of the aralkyl group include benzyl group,
phenylethyl group, phenylpropyl group, phenylbutyl group and
naphthylmethyl group.
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The aralkoxy group generally is generally a group

‘having a op of not more than -0.1. In the present invention,

an aralkoxy group having 7 to 11 carbon atoms is particularly
preferred. Preferred examples of the aralkoxy group include
benzyloxy group and naphthylmethoxy group.

One or more hydrogen atoms on the benzene ring of each
of the aryloxy group, aralkyl group and aralkoxy group may
be substituted by an alkyl group having 1 to 6 carbon atoms,
cycloalkyl group having 3 to 15 carbon atoms, alkoxy group
having 1 to 15 carbon atoms, amino group or heterocyclic group
having a ring member nitrogen atom and bonded to a benzene
ring bonded thereto via the nitrogen atom. Examples of these
substituents are the same as those enumerated for R?. The
aryloxy group, aralkyl group and aralkoxy group substituted

by these substituents have a o, of not more than -0.1 as well.

<preferred R?*>

The group R?* is preferably a substituent having a op
of not more than -0.2 because a combination of it and the
above R! provides a compound having excellent double peak
characteristic and high color optical demsity. R? is
preferably selected from hydroxyl group, alkoxy group,
aryloxy group, amino group and heterocyclic group having a
ring member nitrogen atom and bonded to the 7-position carbon
atomvia thenitrogen atom. Preferred examples of R? include
hydroxyl group, methoxy group, phenoxy group, morpholino
group, piperidino group and dimethylamino group. R? is
preferably a substituent having a 6, of -0.6 to -0.2 because
it reduces initial coloration by thermochromism and
increases the fading speed. The substituent is more
preferably an alkoxy group, aryloxy group, amino group or
heterocyclic group having a ring member nitrogen atom and
bonded to the 7-position carbon atom via the nitrogen atom,

all of which have a o, of -0.6 to -0.2. The substituent is



. Table 1 (continued) Exanple No. Raw materials Product Yield rate (%
Napht hol derivative Propargyl alcohol derivative 1 0cH. 341, H3
at OHii,co ----- 40 ocH3 ocH3 OCH3 = HO OCH3 ft* H300 M 40 SP cH3
cH, 4111 ocH3 ocH3 71 ocH3 H3 se1 O 1 1 aikH3 WII OHIS O
OH 11300 40 0.3 0.3 '
particularly preferably a methoxy group, phenoxy group,

difluoroamino group or morpholino group.

<preferred chromene compounds>

5 out of the chromene compounds of the present invention,
a chromene compound represented by the following formula (2)
is preferred as it develops a color of a neutral tint and
has little initial coloration, high color optical density,

high fading speed and high durability.

)

10 The substituents R' to R® of the chromene compound
represented by the above formula (2) will be described

hereinbelow.

<R'>

15 In the above formula (2), R' is an aryl group or a
hetercaryl group. Examples of these groups are the same as
those enumerated above. Preferred examples thereof are the

same as above.

20 <R">
In the above formula (2), R? is an electron donor group
having a o, of not more than -0.1. Examples of R? are the
same as those enumerated above. Preferred examples thereof
are the same as above.
25
<R*® and R'>
R® and R* are each independently a hydroxyl group, alkyl
group, haloalkyl group, cycloalkyl group, alkoxy group,
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amino group, heterocyclic group having a ring member nitrogen
atom and bonded to a benzene ring bonded thereto via the
nitrogen atom, cyanco group, nitro group, formyl group,
hydroxycarbonyl group, alkylcarbonyl group, alkoxycarbonyl
group, halogen atom, aralkyl group, aralkoxy group, aryl
group or aryloxy group.

out of these, R® and R® are each preferably an alkyl
group having 1 to 6 carbon atoms, halocalkyl group having 1
to 6 carbon atoms, cycloalkyl group having 3 to 15 carbon
atoms, alkoxy group having 1 to 15 carbon atoms, amino group,
heterocyclic group having a ring member nitrogen atom and
bonded to a benzene ring bonded thereto via the nitrogen atom,
alkylcarbonyl group having 2 to 7 carbon atoms,
alkoxycarbonyl group having 2 to 7 carbon atoms, halogen atomn,
aralkyl group having 7 to 11 carbon atoms, aralkoxy group
having 7 to 11 carbon atoms, aryl group having 6 to 10 carbon
atoms or aryloxy group having 6 to 10 carbon atoms. Examples
of R® and R* are the same as those enumerated for R', the
substituent of R? and R®.

R® particularly preferably has a stereoscopically
small substituent to provide high fading speed. Therefore,
particularly preferred R® is a hydrogen atom (“a” is 0).

Meanwhile, R* is preferably a hydrogen atom (“b” is 0)
or an electron absorbing group as a high fading speed is
obtained. When the group R* is an electron absorbing gfoup,
the group R* is preferably bonded to the ll-position carbon
atom to further accelerate the fading speed. The preferred
electron absorbing group is a cyano group or a haloalkyl group
having 1 to 6 carbon atoms, as exemplified by cyano group
and trifluoromethyl group.

“a” is an integer of 0 to 2 and indicates the number
of R’ s. When “a” is 2, twoR¥' 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



. glik©H H3CO W 40 OCH3 13 F3cA .4 1110 0 OH H3CO 40 ccH, HO
OCH3 F30 44, . JOH3CO el 401 0 * 0.3 OCH3 72 47 Table 1
(continued) Exanple No. Raw materials Product Yield rate (96)
Napht hol derivative Propargyl alcohol degivative 14 NC ai k cH3
grip CH3 110 41004 H3CO A't

be the same or different. When there are a plurality of R*'s

and a plurality of R* s, preferred R*’ s and R*’ s are the same

as those enumerated above.

5 <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
C—CH+—R® 3
o= ©
R10
10
+CEC R11 4)
n
In the above formula (3), R’ is an aryl group or a
heteroaryl group. Examples of the aryl group and the
heteroaryl group are the same as those enumerated for R:.
15 R is a hydrogen atom, alkyl group or halogen atom.

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 iocdine atom.
“m” is an integer of 1 to 3. ™“m” 1s preferably 1 from
20 thé viewpoint of the acquisition of raw materials.
Preferred examples of the group represented by the
above formula (3) include phenyl-ethenyl group,
(4- (N,N-dimethylamino)phenyl) -ethenyl group,
(4-morpholinophenyl} -ethenyl group,
25 {4-piperidinophenyl) -ethenyl group,
{4-methoxyphenyl) -~ethenyl group,
(2-methoxyphenyl) -ethenyl group, phenyl-l-methylethenyl
group, (4-methoxyphenyl)-1l-methylethenyl group,
phenyl-1-fluorcethenyl group,
30 (4- (N,N-dimethylamino)phenyl) -1-fluoroethenyl group,
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H3C0 r 110 H3COOCH3 40 OCH3 OCH3 15 H3C cH3 cH3 Il k" CH3 0
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2-thienyl-ethenyl group, z-furyl-gthenyl group,

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

5 In the above formula (4), RY is an.aryl group or a
hetercaryl group. Examples of these groups are the same as
those enumerated for R’. “n” is an integer of 1 to 3. “n”

is preferably 1 from the viewpoint of the easy acquisition
of raw materials.

10 Preferred examples of the group represented by the
above formula (4) include phenyl-ethynyl group,

(4- (N,N-dimethylamino)phenyl) -ethynyl group,
(4 -morpholinophenyl) ~ethynyl group,
(4-piperidinophenyl) -ethynyl group,

i5 (4 -methoxyphenyl) -ethynyl group, (4-methylphenyl)-ethynyl
group, (2-methoxyphenyl}-ethynyl group, 2-thienyl-ethynyl
group, 2-furyl-ethynyl group,

2- (N-methyl) pyrrelinyl-ethynyl group,
2-benzothienyl-ethynyl group, 2-benzofuranyl-ethynyl group

20 and 2- (N-methyl)indolyl-ethynyl group.

Examples of the aryl group and the heterocaryl group
represented by R® and R® are the same as those enumerated for
R'. Examples of the alkyl group are the same as those
enumerated for the substituent of R'. _

25 R° and R°® can be bonded together to form an aliphatic
hydrocarbon ring together with the carbon atom bonded
thereto.

Preferred examples of the aliphatic hydrocarbon ring
ineclude adamantane ring, bicyclononane ring, norbornane ring

30 and fluorene ring.

To obtain excellent photochromic properties (double
peak characteristic and fading speed), at least one of R®
and R®, preferably both are each desirably an aryl group or

a heteroaryl group. Further, at least one of R® and RS,
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groups (i) to (iv):

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

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

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

In the above aryl groups (1) to (iii), the substitution
positions and the total number of the substituents are not
particularly limited. To obtain excellent photochromic
properties, when the aryl group is a phenyl group, the
substitution position is preferably the 3-position or the
4-position and the number of the substituents is preferably
1 to 2. 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-diethylamino) phenyl group,
4-(N,N-diphenylamino)phenyl group, 4-mopholinophenyl group,
4-piperidinophenyl group, 3-(N,N-dimethylamino)phenyl
group and 4—(2,G—dimethylpiperidinb)phenyl group.

In the above heteroaryl groups (i) to (iii), the
substitution positions and the total number of the
substituents are not particularly limited. The number of
the substituents is preferably 1. Preferred examples of the
heterocaryl group include 4-methoxythienyl group,

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

4- (N,N-diphenylamino) thienyl group,
4-morpholinopyrrolinyl group, 6-piperidinobenzothienyl

group and 6- (N,N-dimethylamino)benzofuryl group.
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<R7 and R®s>

R’ and R® are each independently a hydrogen atom,
hydroxyl group, alkyl group, haloalkyl group, cycloalkyl
group, alkoxy group, amino group, heterocyclic group having
a ring member nitrogen atom and bonded to the 13-position
carbon atom via the nitrogen atom, cyano group, nitro group,
formyl group, hydroxycarbonyl group, alkylcarbonyl group,
alkoxycarbonyl group, halogen atom, aralkyl group, aralkoxy
group, aryl group or aryloxXy dgroup.

Out of these, R’ and R® are each preferably an alkyl
group héving 1 to 6 carbon atoms, haloalkyl group having 1
to 6 carbon atoms, cycloalkyl group having 3 to 15 carbon
atoms, alkoxy group having 1 to 15 carbon atoms, amino group,
heterocyclic group having a ring member nitrogen atom and
bonded to the 13-position carbon atom bonded thereto via the
nitrogen atom, alkylcarbonyl group having .2 to 7 carbon atoms,
alkoxycarbonyl group having 2 to 7 carbon atoms, halogen atom,
aralkyl group having 7 to 11 carbon atoms, aralkoxy group
having 7 to 11 carbon atoms, aryl group having 6 to 10 carbon
atoms or aryloxy group having 6 to 10 carbon atoms. Examples
of R’ and R® are the same as those enumerated for R', the
substituent of R' and RZ.

R’ and R® may be bonded together to form an aliphatic
ring having 3 to 20 ring member carbon atoms, condensed
polycyclic ring having an aromatic ring or an aromatic hetero
ring condensed to the above aliphatic ring, hetero ring
having 3 to 20 ring member atoms, or condensed polycyclic
ring having an aromatic ring or an aromatic hetero ring
condenséd to the above hetero ring together with the
13-position carbon atom bonded thereto.

Examples of the aliphatic ring having 3 to 20 ring
member carbon atoms include cyclopentane ring, cyclohexane
ring, cyclooctane ring, cycloheptane ring, norbornane ring,

bicyclononane ring and adamantane ring.
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Examples of the condensed polycyclic ring having an
aromatic ring or an aromatic hetero ring condensed to the
above aliphatic ring include phenanthrene ring.

Examples of the hetero ring having 3 to 20 ring member
atoms include dihydrothiophene ring, dihydrofuran ring,
tetrahydrofuran ring and dihydfopyridine ring.

Examples of the condensed polycyclic ring having an
aromatic ring or an aromatic hetero ring condensed to the
above hetero ring include dihydrobenzofuran ring and

dihydrobenzothiophene ring.

<particularly preferred R’ and R®>

In the present invention, examples of substituents of
R’ and R® are each preferably a hydroxyl group, alkyl group
or alkoxy group, or form a ring togethexr with the 13-position
carbon atom bonded thereto. An example of the alkyl group
is a methyl group and an example of the alkoxy group is a
methoxy group. Out of these preferred substituents, R’ and
R® preferably forma ring together with the 13-position carbeon
atom to accelerate the fading speed and reduce initial
coloration by thermochromism while retaining high color
optical density and double peak characteristic. R’ and R®
preferably form the above aliphatic ring or the above
condensed polycyclic ring having an aromatic ring or an
aromatic hetero ring condensed to the above aliphatic ring
as the fading speed becomes especially high. R’ and R®
particularly preferably form the above aliphatic ring as the
fading speed becomes the highest and initial coloration by
thermochromism reduces.

The particularly preferred aliphatic ring formed by
R” and R® is an aliphatic hydrocarbon ring, and the aliphatic
hydrocarbon ring preferably has 3 to 20 ring member carbon
atoms. This aliphatic hydrocarbon ring may have at least

one substituent selected from the group consisting of alkyl
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allphatlc hydrocarbon ring is also preferred. Examples of
the alkyl group, haloalkyl group, cycloalkyl group, alkoxy
group, amino group, aralkyl group, aryl group and halogen
atom are the same as those enumerated for R', the substituent
10 of R' and R.

More preferred examples of the aliphatic hydrocarbon
ring include monocyclo rings such as cyclopentane ring,
cyclohexane ring, cycloheptane ring, cyclooctane ring and
cyclononane ring, bicyclo rings such as norbornane ring and

15 bicyclononane ring, and tricyclo rings such as adamantane
ring. Aliphatic hydrocarbon rings having at least one lower
alkyl group with 4 or less carbon atoms such as methyl group
are also preferred. Out of these, a monocyclo ring exhibits
a particularly excellent effect as it reduces initial

20 coloration by thermochromism while retaining high ceolor
optical density, high double peak characteristic and high
fading speed.

In the present invention, the most preferred examples
of the ring formed by bonding together the groups R’ and R®

25 together with the 13-position carbon atom bonded thereto are
rings represented by the following formulas. In the
following formulas, the carbon atom at a position denoted

by 13 is the 13-position carbon atom of the above pyran

structure.
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as a silane coupling agent and 3 parts by mass of
N- et hyl di et hanol amjne were agded to and fully m xed
m xture to obtai a_{phot ochromj ¢ ¢ur abl e conposition.
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(phot ochroni ¢ pl ait$% ¢ ni_(s)l')‘e VTR MEERDAT Y it 2 POTYIRTEFTS hing-
cont ai ni ng the-cenesasdr pIRGeas@MpoINg, di sperandr APl tH€l6hsxane ring
(thickness of polyner film 40 pm was manufactured. The
fol | owi n§ ph¥ocHP ok BTPFSPERei es of the obtai ned photochromic
plastic lens were evaluated. The results obtained by using the
chronene conpound of Exanple 1 are shown in Table 3. 15 [1] Maxi num
absor pti on wawet Bagted (examyles Thf schzomntre neipownRdbsor pt i on

wavel ength after | or. devel opnent_obt.ai ned b t
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of color at the tine of color devel opnment. 20 The maxi num absorption
wavel endh i <OBRFIMREEed with color at the time of col or devel opnent.
[2] Color optical density (A0) : This is the difference between
absorbance {6(120) } after 120 seconds of exposure and s(0) under no
exposure at the above maxi mum absorption wavel ength 25 and used as an
i ndex of color optical density. It can be said that as this val ue
beconmes | arger, the photochrom c properties beconme better. [3]
Doubl e peak characteristic (Ay/AB) : This is the ratio of color
optical density (Ay: value of Arax) at a yellow range 30 (having a
maxi mum absor pti on wavel ength at 430 to 530 nn) and col or optical
density (AB: value of Amax) at a blue range (having a nmaxi num
absorption wavel ength at 550 to 650 nm and used as an index of
doubl e peak characteristic. [4] Fading half period [T1/2 (sec. ) ]
time required for the 52 reduction of the absorbance at the above
maxi num absor pti on wavel ength of a sanple to 1/2 of (8(120) -8(0) }
when exposure is stopped after 120 seconds of exposure and used as an
i ndex of fading speed. As this tinme becones shorter, the fading 5
speed becones higher. [5] Absorption end {X0} : After the

phot ochrom ¢ pl astic | ens obtained under the above conditions is used
as a sanple and kept in the dark for one day, the ultraviolet |ight
transmttance (T% at 300 to 800 nmof the sanple is neasured 10 with
an ultraviol et visible spectrophotoneter (UV-2550 of Shinmadzu




83 0 6Z' 0 SZ O Residual rate 001 x(oviosv) 36 36 16 16 8 L8 58 98

16 16 06 08 16 16 06 06 36 36 38 38 Initial coloration
(thernmochromsnm) ;K. 06 68 68 88 88 L8 8 98 06 06 06 06 06 06 06 06

68 68 38 38 Initial coloration (absorpti®h

(identification of chromene compound)

In general, the chromene compound of the present
invention is existent as an achromatic, light yellow or light
5 green solid or viscous liquid at normal temperature and

normal pressure and can be confirmed by the following means

(1) to (3).
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(1) When the proton nuclear magnetic resonance spectrum
(*H-NMR) of the chromene compound is measured, peaks
based on an aromatic;proton.and.thejproton of an alkene
appear at 8 of around 5.0 to 2.0 ppm and peaks based
on the protons of an alkyl group and an alkylene group
appear at 8 of around 1.0 to 4.0 ppm. By comparing these
spectral intensities relatively, the number of the
protons of each bond 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
appears at 8§ of around 110 to 160 ppm, peaks based on
the carbons of an alkene and an alkyne appear at & of
around 80 to 140 ppm, and peaks based on the carbons
of an alkyl group and an alkylene group appear at & of
around 20 to 80 ppm.

(production of chromene compound)

The chromene compound of the present invention may be
produced by any synthesis method. For example, the chromene
compound represented by the above formula (2) can be
advantageously produced by the following method. In the
following description, symbols in the formulas are as defined
in the above formulas unless otherwise stated.

The chromene compound can be advantageously produced
by reacting a naphthol compound represented by the following
formula (5) with a propargyl alcohol compound represented
by the following formula (6) in the presence of an acid

catalyst.
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(6)
||€<OH

The reaction ratio of the naphthol compound to the

propargyl alcohol compound is preferably selected from a
range of 1:10 to 10:1 (molar ratio}. The acid catalyst is
preferably selected from sulfuric acid, benzenesulfonic acid,
p-toluenesulfonic acid and 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 total of the naphthol
compound and the propargyl alcohol compound. The reaction
temperature is preferably 0 to 200°C. 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
by the above reaction is not particularly limited. For
example, the product is subjected to silica gel column
purification and further purified by re-crystallization.
The naphthol compound represented by the above formula
(5) is provided as a novel compound by the present invention.
Preferred examples of the naphthol compound
represented by the above formula (5) are compounds

represented by the following formulas.



9 86 Ora)ri 24 0OrazZ Xr4 91 LT 81 61 OZ 13 33 EZ 17Z SZ 55
Col or devel opment sensitivity c(10)/E(120) 8.0 9Z ' 0 9E *O
Resi dual rate 001 x (oviosv) 08 08 88 68 98 98 18 18 08 08 Initi al
coloration (thernochromsn (% V8 V8 8 98 88 _




8 08-08 68 88 Initial coloration (absorption end) (nmu) SOV 901' EOV
On, SOV Fading half period (Des) zit]. OL OL 89 89 9L 9L 9 9 09 09
Doubl e peak character- istic Fiv/iXv 8VT 69 "1 00'T 00'T 100" T Col or
optical density ov Zr0O 090 zZV' 0 69'0 0902690 VS*0 VSO LV*0 LV O

10

15

20

Ordinary naphthol compounds can be synthesized based
on reaction methods described in research papers such as a
pamphlet of International Laid-Open WO01/60881 and a
pamphlet of International Laid-Open WO05/028465.

The naphthol compound represented by the above formula
(5) can be synthesized as follows, for example.

First of all, a carboxylic acid represented by the
following formula (7) may be purchased as a commercially
available product or may be synthesized based on the
following documents (R® and “a” are as defined in the above
formula (2). X!'is achlorine atom, bromine atom, iodine atom
or the same group as R in the formula (2). X? is a chlorine
atom, bromine atom, iodine atom or the same group as R? in

the formula (2)).

(RYa
™

| = (7)
HOOC 7 X2

For example, a carboxylic acid represented by the
following formula (8) can be purchased as a commercially

available product.

Br
(8)
HOOC Cl

For example, a carboxylic acid represented by the following
formula (9) can be synthesized based on a reaction method
described in research papers such as Journal of the Chemical

Society. 20-27; 1927.
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results are shown in bleBt. 57 OCH3 OCH3

(9)
HooC Br

The compound (7) is converted into acid chloride by
using thionyl chloride or oxalyl chloride, the acid chloride
is reacted with a Grignard reagent to produce a compound

5 represented by the following formula (10} (R* and “b” are
as defined in the above formula (2)), and then when X' and
X% are each a chlorine atom, bromine atom or iodine atom,
they are converted into desired R' and R® by making use of
a Suzuki-Miura reaction or a Buchwald-Hartwig cross-coupling
10 reaction to obtain a compound represented by the following

- formula (11}.

(R%)p R
]\\ 4 X)da (10)
= S
X2
O
(R*), y ®)
AN a
I\ A y (11)
P S
R2

The above compound (11) is subjected to a Stobbe reaction
15 and a cyclization reaction to obtain a compound represented

by the following formula (12).
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In the compound of the formula (12), R is a group derived

from a diester compound used in the Stobbe reaction. Then,
the compound (12) is hydrolyzed by using an alkali or acid
to obtain a carboxylic acid represented by the following

5 formula (13).

(13)

The 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 (14).

(14)

10 The benzyl protected carboxflic 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 by a method known per se. This
diazonium salt is converted intc a bromide through a

15 Sandmeyer reaction or the like, and the obtained bromide is
reacted with magnesium or lithium to prepare an organic metal
compound. This organic metal compound is reacted with a
ketone represented by the following formula (15) (R’ and R®
are as defined in the above formula (2)) at -80 to 70°C in

20 anorganic solvent for 10 minutes to 4 hours and then subjected
to a debenzylation reaction with hydrogen and palladium

carbon to obtain an alcohol represented by the following
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formula (16).

R? R8

Y (15)

(16)

The Friedel-Crafts reaction of this alcohol is carried out
at 10 to 120°C for 10 minutes to 2 hours under a neutral to
acid condition to synthesize a naphthol compound of interest
represented by the above formula (5). In the above reaction,
the reaction ratio of the above organic metal compound to
the ketone represented by the above formula (15} is
preferably selected froma range of 1:10 to 10:1 (molar ratio).
The reaction temperature is preferably -80 to 70°C. An
aprotic organic solvent such as diethyl ether,
tetrahydrofuran, benzene or toluene is preferably used as
the solvent. The Friedel-Crafts reaction of the alcohol
represented by the above formula (16} under the neutral to
acid condition is preferably carried out by using an acid
catalyst such as acetic acid, hydrochloric acid, sulfuric
acid, benzenesulfonic acid, p-toluenesulfonic acid or 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 of the above formula (16}. For this reaction,

an aprotic organic solvent such as tetrahydrofuran, benzene
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A) has high doubl e peak.characteristic,.it has ver ow fadin peed,
| ow r epeat dﬁPBﬁ%P?staﬁBQF8ﬂy&8|8?n8£€%FXpﬁ§WPS§e§SF PWF?&F %ﬁa
contrast to tBhfisphtehs HAHeEBLABJahhakcEXasntepRétoenmpatiiadfifytodbn

the present invention has high fading speed 30 and high regeat i
durability wahfE Fetdevehepeculiad Qe idkdyatiPer; sxppsure to sunlight
Conpar atqive . has, . PERK I £4 4
and al sol%/owggggga%‘éjé%gl I ?Lttg);g: I@r}dcontég%\%}gt?%%é}i s, | tt%?%‘ﬁﬁ%%gsﬁ%%
t hat Exanpl ea2Bréwanpouataté) swiftbsy biiebprekdny theeaddigbh.has high
doubl e characteristic and high repeat durability. Al t hough
Conpar ati ve Exanple 3 (conpound C) has hi gh doubl e peak

characteri st iiecmpgngxsehl enthr epesheduphbitbthyombci totgsuadpr obl em
such as large initial coloration due to the absorgtiog end (it is
col ored yel | ow as 2+&hapdhr bRe oRREMER: EXTRPERE At HPGi BT8FEFange).

In contrast §QvLAtSon! ?eirélé}sgnaté@ltom Setatrbaorpaundyl2cofs! hex
present invention has little initial coloration while retaining
doubl e peak W8ydieamaseddm sotkinatlieerpdih anetper phytochromic compound

to obtain various colors required as a photochromic lens.
Any known compound may be used without restrictions as the
photochromic compound to be combined with. Examples of the
25 photochromic compound include fulgide, fulgimide,
spircoxazine and chromene. Out of these, a chromene compound
is particularly preferred because it can keep a color uniform
at the time of color development and fading, can suppress
a color shift at the time of color development due to the
30 deterioration of photochromic properties and further can
reduce initial coloration.
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
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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

20 formulas (17) and (18).

RS

17

In the above formula (17), R®, R*, R®, R®?, R7, R®, “a”
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and “b” 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
group having a ring member nitrogen atom and bonded to a

5 benzene ring bonded thereto via the nitrogen atom, cyano
group, nitro gréup, formyl group, hydroxycarbonyl group,
alkylcarbonyl group, alkoxycarbonyl group, halogen atom,
aralkyl group, aralkoxy group, aryloxy group or aryl group.
Specific examples of the chromene compound of the above

10 formula (17) include compounds described in a pamphlet of
International Laid-Open WO2001/60811.

In the above formula (18), R*, R?, R® and RS are as defined
in the above formula (2), and “o” and “p” are each
independently an integer of 0 to 4. Specific examples of

15 the chromene compound of the above formula (18} include
compounds described in a pamphlet of International Laid-Open
WO2009/136668.
To obtain a photochromic composition comprising the
chromene compound of the present invention and another
20 photochromic compound, the ratio of these chromene compounds
may be suitably determined according to a desired color. In
this case, it is preferred that the amount of the chromene
compound of the present invention or another chromene
compound should be 0.001 to 10 parts by mass based on 100
25 parts by mass of the total of all the polymerizable monomers.
Stated more specifically, more preferably, in the case of
a thin film such as a coating film (for example, a thin film
having a thickness of about 100 um), color should be
controlled by using 0.001 to 5.0 parts by mass of the chromene
30 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 filmor all of the polymerizable monomers which
provide the coating film. In the case of a thick cured

material (having a thickness of 1 mm or more, for example),
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34 Hac cm ak cH3 ger cH, 40 a OR H3CO 40 OH OCH3 410 HO . ocH3

nBc cm 4i 4,110 cF(33 A10 ir H3co40 1411 CHCH it ocH3 OCH3 56 35 H3C

cH3 a CH3 ittir CH3 JOIr6 H3C0 401 Oz3¢H3 OCH3 410 HOa 0 C H 3

H3C CH3 ilk CH itipci4,3 at IP H3C0411 410 CC H3 . ocm 0 C H3
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 compound based on

100 parts by mass of the thick cured material or all of the
5 polymerizable monomers which provide the thick cured

material.

(stabilizer to be combined with)
Although the chromene compound of the present

10 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,

15 benzotriazole-based compounds, cyanoacrylate-based
compounds, triazine-based compounds and benzoate-based
compounds. Cyanoacrylate-based compounds and
benzophenone-based compounds are particularly preferred.
When the above ultraviolet absorbent is used in an amount

20 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

25 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.

30
(use of chromene cowmpound)

A photochromic composition comprising the chromene
compound of the present invention and a chromene compound

represented by the above formula (1) (17) or (18) exhibits



72 36 HBC CH 3 a cH3 eir ¢ H3 (101 a OH H3co nulr" 10 C H3 ocH3 41
HO a 0 CH3 H3C CH 3 4100 cw, JOHco Ir O CH3 CH40 . ocm 0O CH3 67
87 H3C ¢c-3 CH3 irc H3 101 CH 0O H3C0 Sl 0 CH3 41 HOii OCH3 H 3C
C H3 CH 414111, ¢ fa Ir H3co le OOCH3 H33 . ocH3 66 64 Table 5
(continued) Exanple No. Raw materials Product Yield rate (50

the same photochromic properties even in a polymer solid

matrix. The polymer solidmatrix isnot particularly limited
if the chromene compound of the present invention can be
uniformly dispersed therein. Examples of the polymer

5 compound optically preferred for the polymer solid matrix
include thermoplastic resins such as methyl polyacrylate,
ethyl polyacrylate, methyl polymethacrylate, ethyl
polymethacrylate, polystyrene, polyacrylonitrile,
polyvinyl alcohol, peolyacrylamide,

10 poly(2-hydroxyethylmethacrylate), polydimethylsiloxane
and polycarbonate.

A photochromic composition can also be prepared by
mixing the photochromic composition comprising the chromene
compound of the present invention and the chromene compound

15 represented by the above formula (1), (17) or (18) with
various polymerizable monomers before polymerization to
prepare a photochromic curable composition and polymerizing
and curing it. That is, a cured material containing the
photochromic composition uniformly dispersed therein can be

20 obtained by polymerizing and curing the photochromic curable
composition comprising the photochromic composition of the
present invention and various polymerizable monomers.

A photochromic curable composition which is prepared
by mixing together the photochromic composition comprising

25 the chromene compound represented by the above formula (1),
(17) or (18) with the following polymerizable monomers (Al}),
(A2) and {A3) and provides a cured material having an L scale
Rockwell hardness of not less than 60 is particularly
preferred because it exhibits excellent photochromic

30 properties such as high color optical density and high fading
speed and obtains excellent substrate properties such as high
hardness and high heat resistance:

(Al) a polymerizable monomer which has an L scale Rockwell

hardness of a polymer obtained by homopolymerizing it of not
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SWCH3 OH dr H3C0 millt. NH OCH3 a HO a OCH3 H3CH3 goill C-?3 JO

H3co040 eill "" NHOCH3 CH se OCH3 64 39 H3C cH3 a CH3 ger C H3
al. OH H3CO 41111x" OCH3 ch HO a OCHgg H3C CH3 VIP C 0 H3CO OP
CHla OCH3 ocH3 63 40 H3C cH3 a CH3 itir cH3 OHir alocH3 O
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(A2) a trifunctional or higher functional radically
polymerizable monomer which has an L scale Rockwell hardness
of a polymer obtained by homopolymerizing it of not less than
5 60, and

(A3) a bifunctional radically polymerizable monomer having
an L scale Rockwell hardness of a polymer obtained by
homopolymerizing it of not less than 60.

Examples of the component (Al) include acrylate

10 compounds and methacrylate compounds such as glycidyl
acrylate, glycidyl methacrylate, B-methylglycidyl
methacrylate, bisphenol A-monoglycidyl ether-methacrylate,
4-glycidyloxy methacrylate,

3- (glycidyl-2-oxyethoxy) -2-hydroxypropyl methacrylate,

15 3-(glycidyloxy~1—isopropyloxy)—2-hydroxypropyl acrylate
and 3-glycidyloxy-2-hydroxypropyloxy) -2-hydroxypropyl
acrylate, and polyalkylene glycol compounds such as
polyethylene glycol diacrylate; examples of the component
(A2) include polyacrylate and polymethacrylate compounds

20 such as trimethylolpropane trimethacrylate, urethane
acrylates such as urethane oligomer tetramethacrylate, and
polyesteracrylatessuchas;xﬂyesteroligomerhexaacrylaﬁe;
and examples of the component (A3) include polyacrylate and
polymethacrylate compounds such as ethylene glycol

25 diacrylate, diethylene glycol dimethacrylate, triethylene
glycol dimethacrylate, tetraethylene glycol dimethacrylate,
ethylene glycol bisglycidyl methacrylate, bisphenocl A
dimethacrylate,
2,2-bis (4-methacryloyloxyethoxyphenyl) propane and

30 2,2-bis(3,5-dibromo-4-methacryloyloxyethoxyphenyl)
propane, all of which are polymerizable monomers described
j11a.pémph1et of International Laid-Open WO2001/05854. The
term “L scale Rockwell hardness” means hardness measured in

accordance with JIS-B7726, and it can be easily judged
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3 65 65 Table 5 (continued) Exanple No.z&aw naterials Product Yield
rate (5) Naphthol derivative Propargyl al cohol derivative

whether the above hardness condition is satisfied or not by

measuring the homopolymer of each monomer.
Copolymers obtained by copolymerizing the above
polymerizable monomers with polymerizable monofunctional
5 monomers may also be used as the above polymer matrix. The
polymerizable monofunctional monomers include unsaturated
carboxylic acids such as acrylic acid, methacrylic acid and
maleic anhydride; polyallyl compounds such as diallyl
phthalate, diallyl terephthalate, diallyl isophthalate,
10 diallyl tartarate, diallyl epoxysuccinate, diallyl fumarate,
diallyl chlorendate, diallyl hexaphthalate, diallyl
carbonate, allyl diglycol carbonate and trimethylolpropane
triallyl carbonate; polythioacrylate and
polythiomethacrylate compounds such as
15 1,2-bis(methacryloylthio)ethane,
bis(2-acryloylthioethyl)ether and
1,4-bis (methacryloylthiomethyl)benzene; acrylate and
methacrylate compounds such as methyl acrylate, methyl
methacrylate, benzyl methacrylate, phenyl methacrylate and
20 2-hydroxyethyl methacrylate; fumarate compounds such as
diethyl fumarate. and diphenyl fumarate; thicacrylate and
thiomethacrylate compounds such as methyl thioacrylate,
benzyl thioacrylate and benzyl thiomethacrylate; and vinyl
compounds such as styrene, chlorostyrene, methyl styrene,
25 vinyl naphthalene, a-methylene dimer and bromostyrene.
These monomers may be used alone or in combination of two
or more, and the amount of the monomer may be suitably
determined according to its use purpose.
The method of dispersing the chromene compound of the
30 present invention into the above polymer solid matrix is not
particularly limited, and commonly used methods may be
employed. 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
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compound into the resin, one in which the chromene compound
is dissolved in the above polymerizable monomers and a
polymerization catalyst is added to polymerize the
polymerizable monomers by heat or light so as to disperse
the chromene compound into the resin, and one in which the
surfaces of the above thermoplastic resin and the above
thermosetting resin are dyed with the chromene compound to

disperse the chromene compound into the resins.

(other applications of chromene compound of the present
invention)

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

For instance, when the chromene compound of the present
invention is used in a photochromic lens, a method in which
uniform light control performance is obtained, for example,
a method in which a polymer £ilm containing the photochromic
material of the present invention uniformly dispersed
therein is sandwiched between lenses, a method in which the
chromene compound of the present invention is dispersed into
the above polymerizable monomers and the polymerizable
monomers are polymerized by a predetermined technique, or
a method in which the chromene compound of the present
invention is dissolved in, for example, silicone oil, the

resulting solution is impregnated into the surface of a lens
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CH3 aill OHat 150 to 200°C over 10 to 60 minutes, and the surface is

further coated with a curable substance to obtain a
photochromic lens may be employed. Further, a method in
which the abové polymer £ilm is formed on the surface of a

5 lens and the surface is coated with a curable substance to
obtain a photochromic lens is also employed.

Further, 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

10 substrate, and the coating film may be cured. At this point,
the lens 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

15 the above surface treatment or without the surface

treatment) .

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

way to be taken as limiting.

Example 1
1.20 g (2.3 mmol) of a naphthol compound represented
25 by the following formula (19) and 0.80 g (3.0 mmol) of a
propargyl alcohol compound represented by the following
formula (20) were dissolved in 70 ml of toluene, 0.022 g of
p-toluenesulfonic acid was further added to the resulting

solution, and the obtained mixture was stirred under reflux

30 Dby heating for 1 hour.
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(19)

HsCO O O OCH3s
(20)

After the reaction, the solvent was remoyed, and the obtained
product was purified by chromatography on silica gel to
5 obtain 1.35 g of a white powder product. The yield rate was
76 %.
The elemental analysis values of this product were
80.70 $ of C, 6.72 % of H and 12.51 % of O which were almost
equal to the calculated values of Cs;Hs,0 (C: 80.80 %, H: 6.78 %,
10 0: 12.42 %).
When the proton nuclear magnetic resonance spectrum
of the product was measured, it showed 18H peaks based on
the methyl proton of a tetramethylcyclcohexane ring and a
methylene proton at 6 of arcund 1.0 to 3.0 ppm, a 15H peak
15 Dbased on the methyl proton of a methoxy group at & of around

2.3 to 4.5 ppm and 19H peaks based on an aromatic proton and

the proton of an alkene at d of around 5.6 to 9.0 ppm. Further,

when the *C-nuclear magnetic resonance spectrum was measured,
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it showed a peak based on the carbon of an aromatic ring at

& of around 110 to 160 ppm, a peak based on the carbon of
an alkene at & of around 80 to 140 ppm and a peak based on

the carbon of an alkyl at & of around 20 to 60 ppm.

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

formula (21).

@D

Examples 2 to 15

10 Chromene compounds shown in Table 1 (Examples 2 to 15)
were synthesized in the same manner as in Example 1. When
the structures of the obtained products were analyzed by
using the same structure confirming means as in Example 1,
it was confirmed that they were compounds represented by

15 structural formulas shown in Table 1. Table 2 shows the
elemental analysis values, calculated values obtained from
the structural formulas of the compounds and characteristic

'H-NMR spectra of these compounds.
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Examples 16 to 30
(evaluation of physical properties of photochromic plastic
lens produced by coating method)

The-chromene compound obtained in Example 1 was mixed
with a photopolyvmerization 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.

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
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 cbtained in Example 1 was added to
and fully mixed with 90 parts by mass of this mixture of the
radically polymerizable monomers, and 0.3 part by mass of
CGI1800 {a mixture of 1l-hydroxycyclohexylphenyl ketone and
bis (2, 6-dimethoxybenzoyl) -2,4,4-trimethyl-
pentylphosphine oxide (weight ratio of 3:1)} as a
photopolymerization initiator, 5 parts by ﬁass 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], 7 parts by mass of
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: allyl 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 from 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. Thus, an optical article
(photochromic plastic lens) which was coated with a polymer
film containing the cured chromene compound dispersed
therein (thickness of polymer £ilm: 40 pm) was manufactured.

The following photochromic properties of the obtained
photochromic plastic lens were evaluated. The results
obtained by using the chromene compournd of Example 1 are shown
in Table 3.

[1] Maximum absorption wavelength (Anax) : This is the maximum

absorption wavelength after color development obtained by
means of the spectrophotometer (MCPD2000 instantaneous
multi-channel photodetector) of Otsuka Electronics Co., Ltd.
and used as an index of color at the time of color development.
The maximum absorption wavelength is connected with color
at the time of color development.

[2] Color optical density (Ay) : This is the difference between
absorbance {8(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 photochromic
properties become better.

[3] Double peak characteristic {Ay/Rg) : This is the ratio of
color optical density (Ay: value of Amx) at a vellow range
(having a maximum absorption wavelength at 430 to 530 nm)
and color optical density (Ap: value of Amnx) 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 [t1/2(sec.)]: time required for the



H3C CH3 CH3 CH3 440 40 risOH F3c.ur F3c so OCH3 410 HOii, ocH3 HC
CH3 440 F3c..10 is irig F3c 40 CH 043 * OcnB ocH3 63 72 Table 5
(continued) Exanple No. Raw materials Product Yield rate (%

Napht hol

derivative Propargyl al cohol degpvative 67 H3c cH, 4. CH3

.41CH3 40 F3CH2C..OH F3cH2c is OCH3 * HOii OCH3 H3c cH, et 4110

F3CH2C. el

10

15

20

25

30

N rSQCidh of the absorbance at the above maximum absorption

wavelength of a sample to 1/2 of {£(120)-£(0) } when exposure

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]1 Absorption end {Aq}: After the photochromic plastic lens
ocbtained under the above conditions is used as a sample and
kept in the dark for one day, the ultraviolet light
transmittance (T%) at 300 to 800 nm of the sample is measured
with an ultraviolet viéible spectrophotometer (UV-2550 of
Shimadzu Corporation) at room temperature. A tahgent line
is drawn on the obtained ultraviolet light absorption curve
to ensure that the transmittance (T%) of the ultravioclet
light 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 light spectrum) and used as an index
of initial coloration. For example, in an optical article
such as a spectacle lens, as this value becomes smalier, the
initial coloration becomes weaker and the transparency under
no exposure becomes higher.

[6] Thermochromism {Ty}: 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 (UvV-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 (Agy/Ap 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



CH pH, * OCH so 0c83 64 68 83c cH3 a cH3 ge/c83 400H HO |lw 0 OCH3
410 HO * ocH3 83c ¢83 40410 gi-r mor HOO . * ocH3 0 ocH3 52 69 H3C
CH3 a CH3 eirCH3 400 OH 40 OCH3 . H0410 ocH3 HC CH3 41,1 CI-P dio ir
so CHOO it ocH ocH3 71 73 Table 5 (cogginued) Exanple No. Raw
materials Product Yield rate (%

10

15

20

color optical density is evaluated before and after the test
by measuring the color optical density {A,) before the test
and the color optical density (Asy) after the test to obtain
the ratio (RAse/Ay) of these values as residual rate which is
used as an index of color development durability. As the
residual rate becomes higher, the color development
durability becomes higher.

[8] color development sensitivity [€(10)/e(120)]: The
photochromic plastic lens obtained under the above
conditions is used as a sample, and the ratio of color optical
density {€(120)} after 120 seconds of exposure to color
optical density {e(10)} after 10 seconds of exposure is
calculated and used as an index of color development
sensitivity. As this value becomes larger, the photochromic
plastic lens develops a dark color with a shorter time of
exposure.

Photochromic plastic lenses were obtained and their
photochromic properties were evaluated in the same manner
as described above except that the chromene compounds
obtained in Examples 2 to 15 were used. The results are shown
in Table 3. In Table 3, compound Nos. 1 to 15 are chromene
compounds obtained in Examples Nos. 1 to 15, respectively.
For example, the chromene compound cbtained in Example 1 is

expressed as Compound No. 1.
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HO 4/ OCH3 HC CH3 CH JO Ir 00 411 It OCH3 ocu3 67 75 H3c CH3 a CH3
itir CH3 40 OH H300H200 0 40 OCH3 Ho, 0 CH3 HC CH3 fie )
H300H2CO 40 CHcw, * OCHa 00 0 CH 3 70 75 Table 5 (conti nued)
Exanpl e No. Raw materials Product (% Yigtd rate Naphthol derivative
Propar gyl al cohol derivative 76 H3c cH, alk CH3 AprrCH 3 40 itOH

Comparative Examples 1 to 6
For comparison, photochromic plastic lenses were
obtained and their characteristic properties were evaluated
in the same manner as in Example 16 except that compounds
5 represented by the following formulas (A) to (F) were used.

The results are shown in Table 4.

(A)

(B)

©

10
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. (H3C}2N1H2C0 111 PAQ 140 OCH3 iii HO  OCH3 s3c cm al CH lier c433 40
40 (H3C)2NH2C 40 0 * ocH3 0 CH3 67 77 Flaccri3 a CH3 eircH3 40 OH s

40 H3.0N OCH3 6 HO4" ocH3 Hc ¢c83 el cFP Alo ir is H3.0, Lo CH 00 *
ocH3 0.1 13 66 78 Ha. cHs CH at3 Air01_13,400 OH 40 aNC N ) 0 O ocH3
ilfr HO4" OCH3 Hc .H3 et .H3 410 ir O C Co 0 CH 40

(D)

(E)
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diO kr 140 1110 Dse ocHB O CH 3 70 81 .." 0 a OH H3co .111Ar" ocH3
40 ocH3 oit cH3 HO 4/ ocH3 gp ,40 Ir H3co 00.30cH, ocH3 40 . ocH3 6 7
82 sill 0 OHH3C o 0 ocH3 ocH3 ocH3 =. HO a OCH3 411 JO 4 H3C000
opocH,ocH3 OCH3 . 0 CH3 7 0 77 Table 54 continued) Exanple No. Raw
mat eri al s Product

It is understood that Examples 16 to 30 {compounds 1
to 15) which were obtained from the chromene compounds of
the present invention exhibit high color optical density,
high fading speed, little initial coloration, high repeat

5 durability and high color development sensitivity as well
as high double peak characteristic.

The chromene compound of the present invention having
high double peak characteristic (Ay/As) is preferred because
a blue compound having excellent durabilify can be used for

10 delicate color control. For example, Ay/Apis preferably not
less than 1.00, more preferably not less than 1.10, much more
preferably not less than 1.20, particularly preferably not
less than 1.30. '

The fading half period 11/2 is preferably 50 or more

15 to less than 130 seconds, more preferably 50 or more to less

~than 100 seconds, particular preferably 50 or more to less
than 80 seconds.

The transmittance by thermochromism is preferably not
less than 80 %, more preferably not less than 83 %,

20 particularly preferably not less than 85 %.

The abgorption end is existent at preferably 400 to
420 nm, more preferably 405 to 420 nm, particularly
preferably 405 to 415 nm from the viewpoints of initial
coloration and color development sensitivity.

25 Although Comparative Example 1 (compound A) has high
double peak characteristic, it has very low fading speed,
low repeat durability and low color development sensitivity.
In contrast to this, it is understood that Example 27
{compound 10) of the present invention has high ‘fading speed

30 and high repeat durability while retaining double peak
characteristic.

Comparative Example 2 (compound B) has low double peak
characteristic and also low repeat durability. In contrast

to this, it is understood that Example 26 {compound 11) of



Yield rate (%9 Naphthol derivative Propargyl alcohol derivative 83
41/40 40 iiOH H3co 4111x" 40 ocH3 OCH3 OCH3 a HO a OCH3 to. ,40 ir
H3co040 so CH OCCH3 * 0.H3 OCH3 68 84 CH WIlike91-13 403 a OHmllir
H3CO 40 ocH3 ocH, HC OCH3 41 HO a ocH3 ggH3 C AL ir H 411, ad. AP
H3CO I F 40 ocH3., .3 40 * ocH, 69 85

the present invention has high double characteristic and high
repeat durability.

Although Comparative Example 3 {(compound C) has high
doublejpeak:characteristid and excellent repeat durabillity,

5 it has a problem such as large initial coloration due to the
absorption end (it is colored yellow as its absorption end
is existent at a visible range). In contrast to this, it
is seen that Example 27 (compound 12} of the present invention
has little initial coloration while retaining double peak

10 characteristic and repeat durability.

Comparative Example 4 (compound D) has an aryl group
at the 6-position but no substituent having a Hammett
constant o, of not more than -0.1 at the 7-position. In this
case, high double peak characteristic cannot be obtained.

15 Although Comparative Example 5 (compound E) has a
substituent with a Hammett constant ¢, of not more than -0.1
at the 7-position, it does not have an aryl group or a
heteroaryl group at the 6-position. In this case, high
double peak characteristic cannot be obtained.

20 Although Comparative Example 6 (Compound F) has high
double peak characteristic and excellent repeat durability,
it has a problem such as large initial coloration due to the
absorption end (it is colored yellow as its absorption end
is existent at a visible range). In contrast to this, it

25 is seen that Example 92 (compound 33) of the present invention
which will be described hereinafter has little initial
coloration due to the absorption end while retaining double

peak characteristic and repeat durability.

30 Examples 31 to 89
Chromene compounds shown in Table 5 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



A

H3c CH, dh, cH3 . CH3 4s- 40 i kOH H3co 4 40 OcH3 OCH3 ocH, a HO a
OCH3 H3C CH3 c, 40e C4 1 p S H3co00 is OCH OCH3 H H3 . ocH3 OCH3 70
86 CH3 esOCH3 40 a OH H3C0 ngr. 40 ocH3 ocH3 ocH3 a HO a OCH3 '
CH3 %i OCH3 sio r H3CO00 .3 40 ocH3 * ogH3 OcH3 72 78 Table 5
(continued) Exanple No. Raw materials

compounds represented by the structural formulas shown in
Table 5. Table 6 shows the elemental analysis values and
{-NMR spectral values of the chromene compounds obtained
in Examples. In Table 6, compound Nos. 31 to 89 are chromene

5 compounds obtained in Examples 31 to 89, respectively.



Product Yield rate (50 Naphthol derivative Propargyl alcohol

derivati ve

87 H3c cH3 4111 CH3 ter

CH3 40 H3co ppOH 44 OCH3 ocH3

CH3 a HO a ocH3 toe 40 40 H3co HaC ocH3 CH3 40 ' ocHrocH3 CCH3 6* H3
cH3 a 73 88 H3c cH3 cH3 fiefa cH3 O OHaco 0 OcH3 OCH3 - HO op
OCH2CH2CH3 . OCH2CH2CH3 H3c cH3
Table 5
Raw materials .
E le vield
e Naphthol Propargyl Product rate
No. d ap t? alcohol (%)
erilvative derivative
HsC CHs
CHa
O‘ Cha OCHs
(o | =
31 H.CO 67
HO
O O H3CH20H20H2C-N
H3CH20HZCHZC-[?| OCH3 chHchQCHZC
HaCH,CH,CH,C
HsG cH,
CH
O. CHs OCH;
32 (™ 67
HCO HO
s ~ e
/N\
HsC™ “CH,
HaG cHy
CHS OCH3
O. Cha Q
33 (J OH — 55
H,CO O HO Q
g ot
NH,
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Ak .. AP H3c r ocH 110 OCH3 3. OCH2CH2CH3 cH3 cH3 * OCH2CH2CH3 73 89
H3C CH3 a CH3 eir cH3 0 0 OH H3C0 40 ocH, ocH3 ocH2cH2cH2cH3 . HO a
ocH2cH2cH2cH3 HBC CHis cH4 wo O H3C IS 0 OCH ocH3 3 ocH2cH2cH2cH3
*  CH2CH2CH2CH3 72 79 CHNI Nfl UNN -Hi ?.0-9.0 20H 50.5-4.5 45H
55.0-9.0 20H 50.5-4.5 33H 55.0-9.0 20H 50.5-4.5 29H 55.0-9.0 20H

50.5-4.5 28H 55.0-9.0 20H 1 . 50,1 fis 45 5 3%t B5udaP. O 20H 50.5-4.5
301-1 55.0-9.0 201ff

Raw materials .
Example Fropargyl roduct Ylaetld
roduc rate
No. dNaPhtlg‘i’}re alcohol (%)
eriva derivative
HyG CHj
oo O
34 O OH = =6
O OCHj
OH
QOCH,
= 72
35
SO
QCH;4
OCH;4
= 67
36 '
O
OCH3
OCH;
= 66
37
S,
L OCH;




50.5-4.5 27H 55.0-9.0 191ff 50.5-4.5 281-i 55.0-9.0 19H 50.5-4.5 27H
55.0-9.0 19H 50.5-4.5 40H El enrental anal ysis val ues Cal cul ated val ues
0 Z9 L LI786L 8LG Or LL OT 08 8 9L'8 6 06 8 896 L9 " T 98-T
Z6 T 000 00 0O 000 000 00'Zz 00'0 CCT 8 L LO L 8L 9 179.9 8L 9
E6 9817 9 SL 9 Sfr 9 .z L Z6 78 Zg Z8 05-78 GE Z8 S17 38

Table 5 {continued)

Raw materials ,
Example Propargyl roduct Yli}d
roduc rate
No. G e alcohol (3)
e derivative
OCH3
= 64
38
e
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OCH,3
= 63
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e
OCH,3
OCH;
_O )
40
e
OCH;
OCH,
= 65
41
e
OCH;
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Table 5 {(continued)

Raw materials ,
Example Yield

Naphthol Propargyl pProduct rate

derivative alcohol (%)
eriva derivative

No.
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ZZ Z8 1V08 TzT7 T8 Exanple No. CE ZE EE f7E SE 9E LE 8E CE OT7 80

(I'NN) 11141 N-ar 65.0-9.0 19H 60.5-4.5 42H 65.0-9.0 19H 60.5-4.5 40H

65.0-9.0 23H 60.5-4.5 34H 65.0-9.0 19H 60.5-4.5 30H 65.0-9.0 19H
60.5-4.5 30H 65.0-9.0 19H 60.5-4.5 34H 65;0-9.0 19H 60.5-4.5 31H
65.0-9.0 19H 60.5-4.5 41H 65.0-9.0 19H 60.5-4.5 39H 65.0-9.0 19H
60.5-4.5 37H El enental anal ysis val ggg]Eakcyk

CE 6 80  OT 96

8 89 8 S9'ZT TV TT T9TT_T8
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Raw materials 'V
Example B T product vy
ropargy roduc rate
derivative
OCH,
= 62
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O. ) OCH,
49 O OH o 54
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Table 5 {continued)

ZEEL Oz L 899
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No.

Raw materials

Naphthol
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Propargyl
alcohol
derivative

Product

Yield
rate
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Table 5 {(continued)

Example

Raw materials

No.

derivative

Naphthol

Propargyl
alcohol
derivative

Product

Yield
rate

(%)
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|
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UNN-H 65.0-9.0 20H 60.5-4.5 44H 65.0-9.0 2011 60.5-4.5 4211

65.0-9.0 2411 60.5-4.5 3611 65.0-9.0 2011 60.5-4.5 4011 65.0-9.0 2011
60.5-4.5 32H 55.0-9.0 2011 60.5-4.5 3211 55.0-9.0 2011 60.5-4.5 3611
55.0-9.0 2011 60.5-4.5 3311 65.0-9.0 2011,60.5-4.5 43H 65.0-9.0 2011

50.5-4.5 4111 El enental analysis val ues | culated values 0 L ZS L
EZL 86 18L 969! 9WU9 03 OI T7Z6 6E 6 Tabgg E ngnglgyeg 83" E ZtE
50'El _96___Z 6l Z9 ' |79 T oOTr [ L
Example Raw materlziipargy1 N Yli}d
roduc rate
No. dNaPh;EQle alcohol (%)
erivativ derivative
OCH;
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e
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Table 5 {(continued)

Raw materials
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Brample Propargyl P l duct Yrie:atled
roduc
No. Naphthol alcohol (%)
derivative derivative
HSC CH3
CH
O‘ CH OCH,4
CH O OH = Q 66
61
65
62
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695 66 5 178 9 ZE'L EZ L 06 T8 38 T8 69 38 ZE 08 EL LL 06 IL
OCE ZL zz 18 68 18 TL 18 Exanple No. 19 39 9 f79 59 99 9 89 69 OL
85 Exanples 90 to 148 Phot ochrom ¢ plastic | enses were

manuf actured and their characteristic pr?ﬁerties were evaluated in
the sane manner as in Exanple 16 except at the conpounds obtained 5
in Exanples 31 to 89 were used as chrgggqg @oqggHQQ§ue5@e results are

sho in Tahle 7 lLn Tabhle 7 r‘nnmnnn N 89 are-chromen
conmpdunds oq%ghned in ERawphaseBials 89, respectlvely. Color ield
develfo T35849183] 0 OE o Qfifer O LZ O 92 ¢
0 92 [0 Lgg. O Lz 0 Sephghol ropatoy o)
derivative derivative
HaG CHs
Cis OCHS,
70
64
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" 18 18 08 08 t8 Initial coloration (therno- chronism ;
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Examples 90 to 148

Photochromic plastic lenses were manufactured and
their characteristic properties were evaluated in the same
manner as in Example 16 except that the compoundé obtained

5 in Examples 31 to 89 were used as chromene compounds. The
results are shown in Table 7. In Table 7, compound Nos. 31
to 89 are chromene compounds obtained in Examples 31 to 89,

respectively.
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Examples of the naphthol compound are given below.
Example 149

90.0 g (381.8 mmol} of a benzene compound represented
by the above formula (8) was dissolved in 450 ml of
dichloromethane and cooled to 0°C. 148.8 g {1145.4 mmol)
of oxalyl chloride and 4 ml of N,N-dimethylformamide were
added dropwise to this solution. After the addition, the
resulting mixture was heated to 25°C and stirred for 2 hours.
After the reaction, the solvent and an excess of oxalyl
chloride were distilled off under reduced pressure. The
obtained.résidue was dissolved in 450 ml of tetrahydrofuran
and cooled to -50°C. 172 ml (343.6 mmol) of phenyl magnesium
bromide (2.0 M diethyl ether sclution) was added dropwise
to this sclution. After the addition, the resulting mixture
was heated to 25°C and stirred for 4 hours. After the
reaction, 200 ml of toluene was added, the reaction product
was washed in water, the solvent was removed, and the obtained
product was purified by reslurrying with methanol to obtain
a benzophenone derivative represented by the following
formula (22) as 73.3 g (248.1 mmol, yield rate of 65 %) of

a white solid.

0
cl
(22)

Br

The benzophenone derivative of the above formula (22)
and 67.7 g (372.1 mmol) of 2,4-dimethoxyphenylboronic acid
were dissolved in 370 ml of 1,2-dimethoxyethane, and 37 ml
of ethanol and 7920 ml of a 10 % sodium carbonate agueous
solution were added to this solution. The obtained solution
wag deaerated in a nitrogen gas stream, 0.287 g (0.248 mmol)
of tetrakis(triphenylphosphine)palladium was added and

refluxed for 3 hours. After the reaction, 400 ml of toluene



ZT7T ET7T 17177 917T 917-1 LIKE 817T 92 Exanpl es of the naphthol
conmpound are given bel ow. Exanple 149 90.0 g (381.8 mol ) of a
benzene conpound represented by the above formula (8) was dissol ved
in 450 m of 5 dichloronethane and cool egato 0C. 148.8 g (1145.4
mmol ) of oxalyl chloride and 4 m of N, N-dinethylformam de were added
dropw se to {BkSagakdti eRe Abhetibhepaddubtonast hashegulihi REtBXt Uhe
was heated to 25C and stirred for 2 hours, After_ the reaction, the,
sol vent and BRALERBESE2BITYRAYGH. BN MG PREaERE BrodrtedasfPuthifisd
reduced presgyr. N | i i
t et rahydr of u?grfee és'nl cﬁq{egg{q? gﬂ-n{Se%% 172@%%%@}3?%%0@n§9%%%med
magnesi um brbyi diee (20Dl dw i@t fiydmetdei2 Holag i99nP wad2d4ddédmuebpvyseld
to this g;ol utign. Afl[agrofzhe addi hi.gn, tE\e resulting mxture 15 was
heated to 25E25Rd°5t PFrad Pbr 24VRoUFPsSCAfPer the reaction, 200 m of
tol uene was added, phe reaction product was washed in water, the
sol vent was renoved,] and t he obtai ned product was purified by
reslurrying w gt ai n a benzophenone derivative
represented f 20 formul a (22)(2§? 73.3 g (248.1 mmol ,
yield rate of ite solid. The benzophenone
derivative o a (R) and 67.7 g (372.1 nmol ) of
2, 4- di met hoxyphenyl bor oni ¢ aci were dissolved in 370 m of
1, 2- di met hoxyet hane, and 37 pi ethanol and 790 m of a 10 sk
sodi um car bonat e aqueousHge®Puti on wer@CHgded to this solution. The
obt ai ned sol ution was deaerated in_a nitrogen gas stream 0.287
93,808 B 4
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was added, the reaction product was washed i'n water, the sol'vent was
renoved, andatdeabbdt dimddgpiBicuneds QUEELFEdbbyyiashesphydngandtds - 6

met-hanol. .t o obt ai u d t i a
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formula (23), 93 4 972. 4 mmol f odiumt-bu%oxi e, 5.5 é24.3
ool ot 2o eat ot srertist YaS Heshed ShgERs ) EBE 44 vant g tenoved,
phosphi ne angh§3cke 108 {128 Sréambt Wwis HIPHO] ddeoyeres disspl g dvilth

920 m of toluene and ref luxed for 3 hours. After the reaction, the
reaction protgehan@l tRsHRim angospounderepreeantrasby sy dpllaging

t he obt gi t idi | i NG Wk tsh h t
obt ai n 3 CompBURAY ol Bodnt af v % naPar ks $ate R o2 R of

60.8 g (150.& wimbte sokid.rate of 62 %9 of a white solid. "I1111111

110 H3COOCH3 The conpou of the above formula (24) and 30.2

g (173.3 mmol ) of dpethyl sucg¢inatte were dissolved in 200 m of 20
55C.

t etrahydrof uran and|lheated to
m) of 19.4 \ '

to this sol
of toluene W
concentr at ed '
sol vent was renoved to obtain

A tetrahydrofuran solution (425
tassi umt - but oxi de was added dropw se

d for 1 hour. Aftes)the reaction, 200 m

eact iQn product was washed with

i O g and then with water, and the
pound represented by the foll ow ng

formula (25) as 80.1 g (% ¥, ~yleld rate of 100 %9 of orange

oil. H3CH2COOC COOH el 1 N(25) 5 0 H3 The conpound of

the above fornul a f@brombpuAdbf £86.abstr@Eprafilsodigmaasiategands. 3
76.9 g (75f0.4 rrrml% of acetic anhydride were dissolved in 20% m _of
t ol uene and TBPL) eddiofhgl houreinage eyexhelioselYeh, 12 00 diktP%n

product ,yas é&%\%ﬂ%@%f teha hde S8 ¥§Nisv@S e %Q%hﬁﬁ%ftlﬁ%
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stirred for 1 hour. After the reaction, 200 ml of toluene

wag added, the reaction product was washed with concentrated



into 75 m of nethanol. 80 m of an aqueous solution of 8.0 g (199.2
mol ) of sodi um hydroxi de was added to this solution and refluxed for
3 hours. After the reaction, the reaction 20 product was washed with
concentrated hydrochloric acid and then yiyth water, the solvent was
renoved, and the obtained 95 product was purified by reslurrying
with tol uenen{,@r8Bhabpide Cak P@Xad ehasl didRrwyedt verdEphesesl ¢enbywas
the followng fornula (27) as 15.1 g (31.2 nmmol, yield rate of 94 %
of a yel | ow Zempded HOODOFRIN a compaywed cEeBERERECRAPY s | Lt} owing

i ssol veq 1 neabpone GoRHe Gty FFeDdmedL s S e 6o, ¥

pot assi um cavbhangeeowds added to this solution, heated to 10 60C and
stirred for 3 hours. After the reaction, 200 m of tol uene was added,
the reacti onHCHIDODONas washed in water, and the solvent was renoved
to obtain a conpound reresefl?a@@(h"’{‘ﬂ fol | owi ng formula (28) as

20.3 g (30.6 nmol, vyiel of a yellow solid. BnQ0COBn

150 The coffy abho orrmul a (28) was dispersed into
200 m of isoprgp 44 m of an aqueougzmol ution of 36.7g
(918 . 0 mml) de s added to this solution and ref

| uxed for 3 hours. 20 300 mM of ethyl acetate was
added, the reaction product was thed with concentrated

hydr ochloric acid and then W, By g0l vent was renoved, and
the obtaisned product was purified by resl urrying with toluene to

obtain a carboxylic acid derivative represented by the follo

formula (29) 5 as e CRABMP dnbhe Fhevy Fats @8l 18+ 4a9ygjr-"—r(bv7
sol i d. HOOCQRA, P Br (21 ufPdédtGite and 761RE CQH@?Q”Q ﬁrﬁoiheoflbéﬁl@clc
formula (29) was dlspersed into 180 m of toluene. 9.1 g (90.0 nmmol)

of tri et hyl aanhedabde 1¥efe gi:(%l)veﬂ'rmr) 26¥0 dlﬂphén‘g@bh@lsghm@lmﬁli@ted

were added 10 to_ this soI d stir ed at o] r
hours. 6.9 gP? 50. 5 Hrip1 ) 51 &t %glﬁoFewg lgadetdﬁ%og%%?gi)(g%ﬁ%%%%&?owgs
carry oufp a w£eké&dohn atat/dS fue %dl@rm w&@ lﬂ‘bmcfredt, hanal + ke solscktated

to this solution, and then, 16.8 (300. ot assi um hydr oxXi de
wes added anBFSRRCT SASIPRE]E5eRAT SCCTRSRALOL baRboRaHaN BHLYOITRARALS
was distill e&n&fécéﬁoﬂ%@iepﬁsSéQOt st &@H%Qﬁﬂ&uféﬁré@énﬁééeg the
reaction solution was washed in water, e solvent was renoved to
obtain a con@@hh@WIwré@m‘mb@l b%)th?e?'flcﬂ Mow {g3f 8rmubd. (Bbglasrae iy
(26.4 mol rate_o yell ow solid. 20 OCH3 (30) 97
The corrpoun fh £ %vze’r%g? 'F'?%@O) was di spersed into 150 m of
acetonitril ey @qdcéé@ 3 9 (130pkamml) of a 6 % hydrochloric acid
aqueous sol utfon’was aueéd epd cooleld to 0 to 5C. 8.2 g (39.6 mmol)
of a 33 % sodiumnitrife aq eous 5 sol ution was added to this
solution and stirraed fer30 ut es .99 (132.0 mml) of a50 %

pot assi um i odi dg ded to this solution and
stirred at room Dd . After ? reaction, toluene
was added, the rea€tion proct VA ¥shed in vva( , the solvent was
renoved, 10 and the obtained prod as purified by colum
chromatographyto obtain a ound esented by the follow ng
formula (31) as 12.5 g (19.0 |, yieldTrate of 72 % of a yellow
solid. OBn 15The compound gf the above fornula (31) was dispersed
into 373smM of toluene and d@oled to -50C. 13.1 m (20.9 mol) of
n-butyl lithium (1.6 M hexane_ solution) was added dropwi se to this
sol ution and stirrBee fasmsmng @ft éde 2l S’VQ‘- §Pr1au€~6| &%Eb Wt i seored
3.7 g (23.8 ) 2 tety I exan

dr opwi se to é 7558Fnlt ?gﬁngﬂg&%ﬁr re g%{: ourgBg %Pa‘?ﬁ%j 0
reaction, tofuaree \Basmadilesk, sbtl&umelzwﬂr@mcﬂre majscaddm@ tma‘shed sqlution
wat er,

and refluxed for 3 hours. After the reaction, the reaction
20 product was washed with concentrated hydrochloric acid and

then with water, the soclvent was removed, and the obtained



t he sol vent was renoved, and the obtained product was purified by
“reslurrying with methanol to obtain a conpound 25 represented by the
followng formula (32) as 7.5 g (11.0 nmol, yield rate of 58 %) of a
yell ow solid. 98 0 The conpound of the above fornula (32) was
di ssolved in 150 m of tetrahydrofuran, and 2.8 g (44.0 mmol) of
anoni um forgRle, A0 Btk 1% e YyPRLLAdLUYLag bi de vETEoRTdRS od.if

stirred at roomtenperature for 8 hours. After the reaction, 50 m, of
t ol uene was adtethoxhkic exxid cleproduicte rePIREEE] PYvdthe falHewing

solvent was distiJle f f h t al pr qeycit i fged.b
resl urrying Wuj[aol ﬁzeﬁ)e %%aic}%t%if gﬁc'gérrpqrgﬂ%ld Sfeil:)é?leqs\é%tsceégt%fygt ol bt
following fof mdBldwB3gorsd6.0 10 g (10.1 nmmol, yield rate of 92 % of
a yellowsolid. CH3 HC OCH3(33) OC H3 0 The conpound of the above
formula (33) was HIDOEQ e i DOH20 M of toluene and heated to 90C.
57.6g9 (303.0 nmol ) of p enesul foni ¢ aci d nonohydrate was added to
this 15 solution and ref ed for 4 hours. After the reaction, the

' N Wwat epcH.he sol vent was renoved, 99
rified By colum chromatography to

of a white solid. H3C CH3 H3C
anal ysis values of this
product were 78.96 % of C, j 2c3 % of N and 11.12 %of 0
whi ch were al nost equal tg thej|calc d val ues of C38H43N04 (C
79.00 96, H 7.50 % N 242 % 0. 11.08 %9 . 10Wien the proton

nucl ear fagneti c resonance scbectrum of the product was neasured, it
showed a 32H peak e V5 Prip; f,ar t

ppm and 11H peaks qﬁg%e%%%%%%}y gr Ot}gétalﬁa@aon@a%wn%tk%ﬁpr%l@rﬁﬁ
5 of around E2D) tamd®807ppnicEaEumnbal) , offeEm=yte ch3Cradel ware dHgTsatlived

resonance spgectrum was asured, it owed . eak .bagsed, h r

of an aromat}2 Jrfi%énvﬁtog%o%'&l&?ﬁbyf wappﬁoagdga‘g%ai nﬁna@dgﬁ
the carbon ofo@sdd ! caFimaed Wadfaddadingd 2hio S yipion 2Qdatas to
confirmed fromthese results that the isol ated product was a cQ ourld

represedfed &9 ¢ RNADBYECFRR niPh 3 3BYUTS Thild tnddith & 53¢ & Wap o™
conpound useéj)E lt%ﬂ.h'é%ﬁ Y 8 gRsamRige %ea_c%qgn_produé\@gggh-?&skf@iTPﬁ%%r,
shown in the tables bel ow were synthesized i'n the sanme manner as in
Exanpl e 149.amberhet Belsentcras esmofiveghtoothtd red peopoend nearesented

anal yzed by usi t ane structure firm n [ anpl
She VIS OY A e iR e, B AT T A e T
Exanpl es showiié nodabs esy. of abl e Blshosslidie el emental anal ysis

val ues, cal cul ated val ues obtained fromthe structural fornulas of

t he conpounds amBh@Ogracteri stoBnlH NVR spectra of these conpounds.
101 (2114N) NN-H1L 65.0 16H 60.5-4.5 24H 65.0-9.0 16H

(28)

A (..

15 O
The compound of the above formula (28) was dispersed
into 200 ml of isopro§y1 alcohol. 184 ml of an agueous
solution of 36.7 g (918.0 mmol) of sodium hydroxide was added
to this solution and refluxed for 3 hours. After the reaction,

20 300 ml of ethyl acetate was added, the reaction product was



60.5-4.5 24H 65.0-9.0 11H 60.5-4.5 30H 65.0-9.0 11H 50.5-4.5 25H
65.0-9.0 13H 60.5-4.5 21H 65.0-9.0 15H 60.5-4.5 21H 65.0-9.0 17H
60.5-4.5 21H 65.0-9.0 11H 60.5-4.5 30H 65.0-9.0 11H 60.5-4.5 15H
65.0-9.0 11H 60.5-4.5 13H El enental analysis val ues. Cal cul at ed
values 0 T7ZZT 176 OT 96-8 LV 6 Z6 9 9 T7,6'S 91/8 TO ST L9

g-srg TLO'OE 88wa%h%§7w%tggco€c%$tr%t%% hfdPQQh?grig 00130508 tRen wEEML

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 (29)

5 as 17.2 g (30.0 mmol, yield rate of 98 %) of a yellow solid.

(29)

OCH,

The compound of the above formula (29) was dispersed
into 180 ml of toluene. 9.1 g (90.0 mmol) of triethylamine
and 10.7 g (39.0 mmol) of diphenylphosphorylazide were added

10 to this solution and stirred at room temperature for 2 hours.
6.9 g (150.0 mmol) of ethanol was added to this solution to
carry out a reaction at 70°C for 2 hours. 86 ml of ethanol
was added to this solution, and then 16.8 g (300.0 mmol) of
potassium hydroxide was added and refluxed for 3 hours.

15 After the reaction, ethanol was distilled off at normal
pressure, tetrahydrofuran was added, the reaction solution
was washed in water, and the solvent was removed to obtain
a compound represented by the following formula (30) as 14.4

g (26.4 mmol, yield rate of 88 %) of a yellow solid.

H,N OBn

(30)

20 O
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The compound of the above formula (30) was dispersed
into 150 ml of acetonitrile, and 113.3 g (130.7 mmol) of a
6 % hydrochloric acid agueous solution was added and coocled
to0to5°C. 8.2g (39.6mmol) of a 33 % sodiumnitrite aqueous
solution was added to this solution and stirred for 30 minutes.
21.9g (132.0mmol) of a 50 % potassium iodide aqueous solution
was added to this solution and stirred at room temperature
for 6 hours. After the reaction, toluene was added, the
reaction product 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 (31) as 12.5 g (19.0 mmol, yield rate of

72 %) of a yellow sclid.

I OBn

‘ OCH,
(31)

N
[ j OCHj
O
The compound of the above formula (31) was dispersed

into 375 ml of toluene and cooled to -50°C. 13.1 ml (20.9
mmol) of n-butyl lithium (1.6 M hexane solution) was added
dropwise to this solution and stirred for 30 minutes. 7.3
g of a toluene solution of 3.7 g (23.8 mmol) of
3,3,5,5-tetramethyleyclohexanone was added dropwise to this
solution and stirred at 0°C for 3 hours. After the reaction,
toluene was added, the reaction product was washed in water,
the solvent wag removed, and the obtained product was
purified by reslurrying with methanol to obtain a compound
represented by the following formula (32) as 7.59 (11.0 mmol,
yvield rate of 58 %) of a yellow solid.



T7/E. 08 60 Z8 LL ' 08 TO 8 9 .98 179 98 L898 LO is LL'8L L8 ' SL
Exanpl e No. of chromene conpounds* HNnt, Ln IDr- 03 0l OT IT
Exanpl e No. OST TST ZST EST VST SST 991 LST 891 691 102 (NN) NN Hl
55.0-9.0 12H 50.5-4.5 17H 55.0-9.0 11H E? 5-4.5 17H 55.0-9.0 81-1
50.5-4.5 191-1 55.0-9.0 11H 50.5-4.5 21 %5.0-9.0 12H 50.5-4.5 39H
55.0-9.0 12H 50.5-43ﬁ327H 55.0-9.0 12H 50.5-4.5 231-1

(32)

The compound of the above formula (32) was dissolved
in 150 ml of tetrahydrofuran, and2.8 g {44.0 mmol) of ammonium
formate and 2.3 g of 5 % palladium carbide were added and

5 stirred at room temperature for 8 hours. After the reaction,
50 ml of toluene was added, the reaction product was washed
in water, the solvent was distilled off, and the obtained
product was purified by reslurrying with toluene to obtain
a compound represented by the following formula (33) as 6.0

10 g (10.1 mmol, yield rate of 92 %) of a yellow solid.

(33)

The compound of the above formula (33) was dissolved
in 120 ml of toluene and heated to 90°C. 57.6 g (303.0 mmol)
of p-toluenesulfonic acid monohydrate was added to this

15 solution and refluxed for 4 hours. After the reaction, the

reaction product was washed in water, the solvent was removed,
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50.5-4.5 24H El enental analysis values Calculated values 0 01/01 ST
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and the obtained product was purified by column
chromatography to obtain a naphthol compound represented by
the following formula (34) as 4.4 g (7.6 mmol, yield rate
of 75 %) of a white solid.

(34)

OCH,

The elemental analysis values of this product were
78.96 S of C, 7.54 $ of H, 2.38 $ of Nand 11.12 % of O which
were almost equal to the calculated values of C3gHyNO, (C:
79.00 %, H: 7.50 %, N: 2.42 %, O: 11.08 %). '

10 When the proton nuclear maghetic resonance spectrum
of the product was measured, it showed a 32H peak based on
an alkyl group at & of around 0.5 to 4.5 ppm and 11H peaks
based on a hydroxyl group and an aromatic proton at é of around
5.0 to 9.0 ppm

15 Further, when the “C-nuclear magnetic resonance
spectrﬁm.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 6 of around 20 to
80 ppm.

20 It was confirmed from these results that the isolated
product was a compound represented by the above formula (34).

This compound is a naphthol compound used in the above

Example 3.

25 Examples 150 to 218
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Naphthol compounds shown in the tables below were
synthesized in the same manner as in Example 149. When the
structures of the obtained products were analyzed by using
the same structure confirming means as in Example 149, it
5 was confirmed that they were naphthol compounds used in
Examples shown in Table 7. Table 8 shows the elemental
analysis values, calculated values obtained from the

structural formulas of the compounds and characteristic

ly-NMR spectra of these compounds.
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Examples 220 to 222
Photochromic plastic lenses were manufactured and

their characteristic properties were evaluated in the same

manner as in Example 18 except that the chromene compound
5 (chromene compound No.l) of Example 1 of the present

invention was mixed with each of the following chromene

compounds (35), (36} and (37} in a ratio shown in Table 9.

The results are shown in Table 11.

(35)

(36)

10
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HZT 06-052 55.0-9.0 1214 50.5-4.5 3714 !g_lg.oo-Q. 0 1214 50.5-4.5 3114
55.0-9.0 12H 50.5-4.5 3414 El enental analysis values Cal cul at ed
values 0 69 668 6L 'L 86 L LT'S 61 g16le & T79 L 80 TT ZT 8
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- Photochromic compound
Example P Color

No. Compound No. 1 54 55 56
220 2.0 0.2 - - gray

Amount (parts

221 by mass) 2.5 - 0.4 - gray
222 2.0 - 0.1 0.2 brown
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Phot ochrom ¢ plastic | enses were nanufa Ifred and their

characteristic pr RS %ﬂcﬁﬁ% ‘&%h%aﬁié" T E‘t‘ihé E;gbtﬂ%cﬁf}%i%ﬁﬁﬂgéti‘é 1dhses

Exanpl e 18 except t f onene conp
which were obtained by curlng the chromene compositions of

the present invention had a transmittance by thermochromism
of not less than 88 %. Further, as its absorption end is
5 existent at 405 to 415 nm, they had little initial coloration

and high color development sensitivity.

Effect of the Invention
The chromene compound of the present invention

10 develops a color of a neutral tint and has little initial
coloration, 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.

15 Therefore, a photochromic lens manufactured by using
the chromene compound of the present invention exhibits such
excellent photochromic properties that it develops a dark
color of a neutral tint swiftly when it moves outside and
returns to its original color swiftly when it returns inside

20 from outside and has high durability that it can be used for

a long time.



5 (chromene conpound No. 1) of Exanple 1 of the present invention was
m xed with each of the follow ng chronene conpounds (35), (36) and
(37) in aratio showmn in Table 9. The results are shown in Table 11.
110 Table 9 Exanple No. Photochromc ¢ und Col or Compound No. 1
54 55 56 220 Amount (parts by mass) 2. .2 - gray 221 2.5 - 0.4 -
gray 222 2.0 0.1 0.2 brown 111 Col or devel opnent Qoflel ti '71
h\T E (10)/e(120) 6Z. 8Z 8Z 0 Residual rate 001x (oviosv)

CLATMS
1. A chromene compound having a skeleton represented by
5 the following formula (1):
l AN
: 1
s M
u O
R2

R1
wherein R' is an aryl group or a heteroaryl group, and R® is
an electron donor group having a Hammett constant o, of not

_ more than -0.1.

10

2. The chromene compound according to claim 1 which is

represented by the following formula (2):

)

wherein R! and R? are as defined in the above formula (1),
15 R?andR* are each independently a hydroxyl group, alkyl group,
haloalkyl group, cycloalkyl group, alkoxy group, amino group,
heterocyclic group having a ring member nitrogen atom and
bonded to a benzene ring bonded thereto via the nitrogen atom,
cyano group, nitro group, formyl group, hydroxycarbonyl
20 group, alkylcarbonyl group, alkoxycarbonyl group, halogen

atom, aralkyl group, aralkoxy group, aryl group or aryloxy



t

16 b6 68 06 68 Initial coloration ItIinrnnohrhnieni 68 68 68 68 68

88 Initial
ninrinrq
flviLy O

io

i5

20

25

30

(
1

coloration (absorption (111LI) 1117 OIt 8017 Fadi ng hal f
pas) Z/T1 99 99 89 89 89 89 Doubl e peak characteristic

00 tST Color optical Ov 8§4,TOT 60'T 60'T OL'O80'T E
group, R® and R® are each independently a group represented

by the following formula (3):
~e=ch)—r° G
m
Lw ‘

wherein R® is an aryl group or heteroaryl group, R'®
is a hydrogen atom, alkyl group or halogen atom, and
m is an integer of 1 to 3,

group represented by the following formula (4):

- 4
—Gc___c%:R” 4)

wherein R™ is an aryl group or heteroaryl group, and

n is an integer of 1 to 3,
aryl group, hetercaryl group or alkyl group, R® and R® may
be bonded together to form an aliphatic hydrocarbon ring
together with the carbon atom bonded thereto, R’ and R® are
each independently a hydrogen atom, hydroxyl group, alkyl
group, haloalkyl group, cycloalkyl group, alkoxy group,
amino group, heterocyclic group having a ring member nitrogen
atom and bonded to the 13-position carbon atom via the
nitrogen atom, cyano group, nitro group, formyl group,
hydroxycarbonyl group, alkylcarbonyl group, alkoxycarbonyl
group, halogen atom, aralkyl group, aralkoxy gdgroup, aryl
group or aryloxy group, R’ and R® may be bonded together to
forman aliphatic ring having 3 to 20 ring member carbon atoms,
condensed polycyclic ring having an aromatic ring or an
aromatic hetero ring condensed to the aliphatic ring, hetero
ring having 3 to 20 ring member atoms, or condensed polycyclic
ring having an aromatic ring or an aromatic hetero ring
condensed to the hetero ring, together with the 13-position
carbon atom bonded thereto, “a” is an integer of 0 to 2, and
b is an integer of 0 to 4, with the proviso that when “a”
is 2, two R* s may be the same or different and when b is

2-to 4, a plurality of R*'s may be the same or different.



,< (Uu) 9LS 91' 8LS LSt 8LS 9917 a) ri fli 5ni kiri 0 ZzZ Qzz Tz2Z
ZZ7 112 As shown in Table 10, the photochrom c plastic | enses
whi ch were obtained by curing the chronene conpositions of the
present invention had a transmttance bﬁjgpernochronisn1of not | ess
than 88 9s. Further, as its absorption end is 5 existent at 405 to

415 nm theyshad |4#d | @i Ghdhd! cSRPONRL | SR A Hb GOl Hfm ALY ahinrei
sensitivity. Effect of the Inventi'on The chronmene conpound of the
present i nvent Rinislendemel group kavbrg 6f ta Ifegarhpntdtamn.aadigteroaryl
little initial coloration i,gh. gol or vel opmen ARV i
col or opti cal Faidit gagﬁﬁgaﬁr??’gﬁgf%%rl%%?gggg%’eeénﬁmﬁe l| %/Ikl&s{p ﬁﬁnghg

di spersed intoatsolutcorbet scdad wies Setétoardl igrasp Wehiras4 to 12
excel l ent durability. 15Therefore, a photochraqnmi c | ens manufactured

by using 5t he cliPdHsite 3OS0 TPt fHE DR &t Ssafdntdnh o tE e
excel | ent phot QERIPL RHRREHHEL YRR ddndamelrpsa Harto:80 Yrdfp 2

neutral tint swftly when it noves outside and returns to its
original col or adWkivflt Igyrommen hiatl aadikyrin 9w .d e v20-darldivilo @iy @ldarys

hi gh durability that it .can sed f.ar t'q}?E A
chronmene conpo g%aviaﬁnd n:? é%eu t'oglert%ﬁ%éjecﬁtqg:d doy t %ﬁ&%?wl\@g

formula (1): mdnbethadiernpgRh asomnaad Worgiadixcor behetreoniyy mpmigy
and R2 is an el ectron dono roup having a Hammett constant. ap of not

more thdd 0. 1.EPRFEROTRaAC HRE ToHE b G A aCYBRG AEOTR: chat P haHin

IS represented%h F &k Ok e f,@,@mn(ya)- &Ko a2y 1Rhrvhekei ,
and R2 are as defi neggi n lIt)h\tfawyzgilbgve formul a %]?L) plg and R4&3r%k§§:h

i ndlepelngelnt |y ailﬂli)mfltygb@%b%dusroa@whaépgﬁﬁ, aE’Q‘{ﬂoai}lR?l]l{?g?ﬁ ogFoup, aryl
cycl oal kyl gro group, heterocyclic group
having a ring :é%%%r %@ré%yein at %:gogﬁ)d bonded to a benzene ring
bonded thereto via the nitrogen atom cyand group, nitro group,
fornmyl grou hydr oxycar bonyl 20 grou al kyl car baonyl _gr.ou .
al kgzycg-rsboﬁ b éroﬁbg ﬂﬁ%@%‘?‘fe a Oﬁ%l%@?gﬁcﬁ%,t%p Sz'gr"bllﬁem
aryl group or aryhigxy hidtod QUQrOR?,aBG!k?@ greupachytndeprpdesi-byipa
group represented by the folTowng fornmula (3): 4C C+129(3) Rio )
wherein R9 is aikeryl 95Pulp ¥FY HeFBrdzyl Giude, IRPBPSPS heiRkRBHehC

atom al kyl gr QR n594 AgeD L8 he®Ber Rl tSrd¥ed BEBRCIN@ochded Bo the

7-position carbon atom via the nitrogen atom.
20 ‘
5. The chromene compound according to claim 2, wherein
R’ and R® are bonded together to form an aliphatic
hydrocarbon ring together with the 13-position carbon atom,
and the aliphatic hydrocarbon ring has 3 to 20 ring member
25 carbon atoms and may have at least one substituent selected
from the group consisting of alky group, haloalkyl group,
cycloalkyl group, alkoxy group, amino group, aralkyl group,

aryl group and halogen atom.
30 6. The chromene compound according to c¢laim 5, wherein
the aliphatic hydrocarbon ring is a cyclohexane ring

substituted by an alkyl group having 1 to 4 carbon atoms.

7. A photochromic curable composition comprising the



group represented by the following fornula (4): -4-C CG-Y-Rfi(4)
wherein R11 is an aryl group or heteroaryl group, and 10n is an
integer of 1 to 3, aryl group, heteroaryl group or al kyl group, R6
and R6 may be bonded together to form an.g iphatic hydrocarbon ring
together with the carbon atom bonded thereto, R7 and RO are each

| ndependent | y %ﬂwl{e%erboawn&ww HOWE Aldls 15 1 @WRind a

hal oal kyl group, cycloal kyl" group, al Koxy group, am no group,

het erocycl i ¢ gredpyneniizadple miompmesher nitrogen at om and bonded to
the 13-position carbon atomvia the nitrogen atom cyano group, nitro
group, fornyl group, hydroxycarbonyl group, alkylcarbonyl group,

al koxycar bongl 20 mypdEochdioadencpt bosl anaialle baoling apal kory nyrioig]
aryl group or aryloxy group, R7 and 126 nmay be bonded fogether to
forman & i phati®dGty IeRFeGiRg o Gh W%Fﬁ%ﬁgéta@r}% one of
condensed pol yyiGlsinfs Ri BY Hayd £18 138 @riAMBHL poll Pohe® m8NdaHOPBOEECE as
hetero ring condensed to the aliphatic ring, hefero 25 ring having 3
to 20 ring nenercamsdriduent awidh@rsed pol ycyclic ring having an
aromatic ring or an aromatic hetero ring condensed to the hetero
ring, together wth the 13-position carbon atom bonded thereto, "a"
is an integep.of Oah@pticeldabrtislanhaniegesinafptlidad 4ubskttrhtehell or

proviso that when "a" 30 is 2, two R3's may b he .sane or_.different
D whed & i 5 B BT 2l FaA PR RECIE H Mo foaned With o
different. 1133vhke ¢hnanBoL: s PHPAYNEhACHH Shdie (Omplodin® 3f APr&id
122 is an aryl "group having 6 to 14 carbon atom a heteroaryl group

having 4 to 12 cfardd@ims dnge & drpanfdedrigufhaudyesn & Ul & Fon
atons or a het Vil gr.Qu vi.ng 4 to 12 5carbon atons substituted
by at | east ong&ghtET?gﬁgﬁﬁmggpggted fromthe group consisting of
hydr oxyl group, al kyl group, hal oal kyl group, cycloal kyl group,

al koxy group, am no group, heterocyclic grou ayin ri nber

ni t r ogertat ohf and %o‘gﬁéﬁﬁﬂ%fac%‘%%%‘i ’F?ﬁﬁe ‘%ﬁﬂ%‘g 113(9) glﬂ%ef%} "Vt t he
nitrogen atom fyaRA0r@UR, nitro group, fornyl group,

hydr oxycar bonyl group, _al kyl carbonyl group, al koxycarbonyl group,

hal ogen atom ar g+ group, aryl group and a.ryl oxy group. 15 4. The
chr onene conpong, iRfg to claim 2, wherein R2 is a hydroxyl
group, al kyl(Rgp00e oal kyl group, al koxy group, aryl oxy group,

am no group or hetero ] C group havkgg}a ring nmenber nitrogen atom
and bonded to the 7- on carbon atomvia the nitrogen atom 20

5. The chronene conmppund accondding to claim2, wherein R 2 and R8 are
bonded together to Koy an aliphatic hydrocarbon ring together wth
the 13 -positionREarion(ahgn1 and the aliphatic hydrocarbon ring has
3 to 20 ring nenber Zg carbon atons and nmay have at |east one
substituent gplecig Jf,r%j',tﬁﬂ% 9" ofp, QONSSEhA0ROE A kY §EBYRed in the
hal oal kyl group, cycl oal kyl group, al koxy group, am no group, aralkyl
group, aryl gpoup Bndmhdbod2h.atom 30 6. The chronmene conpound
according to claim5, wherein the aliphatic hydrocarbon ring i's a
cycl ohexane ring substituted by an al kyl group having 1 to 4 carbon
atons. 116 chronmene conpound of any one of clains 1 to 6 and a

pol yneri zabl e nononer. 8. A photochromic optical article having a

pol ymer nolded 5 product containing the chronene conpound of any one
of clains 1 to 6 dispersed in the polyner nol ded product as a
constituent nenber. 9. An optical article having an optical substrate
all or 1l0part of at |east one surface of which is coated with a

pol ymer film containing the chromene conmpound of anyone of clains 1
to 6 dispersed in the polyner filmas a constituent nenber. 15 10. A
napht hol conpound represented by the following fornmula (5): R7 R8
(R4)b (5) OH (R3)a R wherein 122, R2, R3, a, R4, b, R7 and R8 are as




