1 DESCRI PTI ON CHROVENE COVPOUND TECHNI CAL FI ELD 5The present
invention relates to a novel chronene conpound, a precursor thereof
and use of the chronene conpound. BACKGROUND ART 10Photochrom smis
the reversible function of a certain cofgpound that it changes its
color swiftly upon exposure to light including ultraviolet |ight such
as sunlight or light froma nercuryESCRIEFTbN eturns to its original
color when it is put in the dark_hy stopping its exposure to light. A
15 conpound having this propert)g'f N@ﬁo&ijﬁﬁﬂmchrom ¢ conpound”
and used as a material for photochrom c plastic |lenses which are

phot ochrom c optical articles. The follow ng properties are
requi red forTEGENM: oCHEldi ¢ conpound used for the above purpose: 20
(i) the degree of i X issible ] r

ul travi oget light s 3{)“;‘%% (%ttnaﬁebn\éhfde er(reerle&IL o] %@;‘@ﬁﬁ%%&mmene
col orati on" demeyurad e )preshotdal behdwpf and (wsg dhecldegrleeoméne

col oration upon exposure to ultraviolet light (to be referred to as
"col or opti mf&@ﬂgcfty" 25 hereinafter) should be high; (iii) the
speed fromthe tinme when the application of ultraviolet light is
started to the tinme when the col or optical density reaches saturation
(to be ref erBAEKIROEY AT or devel opnent sensitivity" hereinafter)
shoul d hi gh; 3 i .Spe 1 f. th .
appli cation of ul BEREseTAREE, eIt SRR e o gertain
returns to idesnpanirgl maktst atehdhgedd treefcelbedstvd fady " hpoth rgkspaed to

herei nafter), shoul.d be high;_ (v)the repeat durability of,this ,
reversibl e G &Hcgﬁd%ﬁ%u\lﬁéﬁ%vh?bﬂc APt @R f"ﬁeg%ih%]??iqlil Lighy
nononer congauifl aMecBuwl haRBCOAR Peb@Bhs MBS et floyafdi81a ICWJ1RE Yhen

the photochrom ¢ conpound shoul d be high so that its dispersibility
in the host Lfatiér PHE Bnjhe s PeddnesopPgRy 1ts exposurdako pdaht. A

desired, ¢ hat Rt QM. G . ' e} .
neutrafj:L intcots"rub& as h%ﬁgf%;t%ﬁgoﬁdﬁgy Cs_%sé% el:ﬁgécge\%og%ecg{rc?eplecﬁds
on t he phot ecmpamrel”c empbusedasisaamabteriafl cour paptwbhhebmis aleetyc
i nportant factor. 1 ,V\hentheé_f?%lor is . to be .ad y m Xi ng

j_ust ed
toget her a pIFR®aS WP §F& & &ﬁhgogﬂﬁp@ﬁﬁé’é#%é&é‘ r various

probl ems such as &neolren 16kange pabpkhe ikismarefl reehQk-edevehopmRNt and
fading (to be referred to as "color shift" hereinafter) due to the

di fferent cRECAOCEXCRYICC qorpsend asest foxe thisodehicomuEPPSeconpounds
that are,m to Qf;:{?]aé(}éj I ; [ f
deteri o?oati gﬁqduegtﬁ% the |??é@%ﬁﬁ%§£ﬁ%?§l_é ‘Fllgggglrvaen?%geg ove
probl ens, auphaaeddet ¢ighopbsimbphich (hp besedfeimsd ttw aer “imieial
absor ption wavel engths, at a.visi bl e range n devel oping a color to
devel op a cSPéPrg'Fg_é?nne%fngll_ tﬁrﬁt) F?‘g’u‘[}gnfb@f dd to as "doubl e
peak conpoundi)hetpen@édese dS colBeEtLaABh. upon expodsrd ke doubheipeak
conmpound, there are known a chromene conpound represented by the
fol | owi ng f 8iftita (ER) ber rdersda tpamshl eoler pRtdcadt idem@itvai d- Open
W01/ 1 3) : u epresented by the foll ow ng
f or mul 2333(18) hgfge'égf?lr%g g?ﬂggqgnggrrpﬂﬁlg{eﬁt’ of International Laid-Qpen
W03/ 025638)iiia chhenepeedofipounthe epivsewbed byet hpplbthowbngof
formula (D) efer, to,a_panphl.et of | nternational Laid-Op
1003 044022 LEE RV LA Brod CEe U= EBFeSEnELE by ™50 “PRE ORI GAY
fornula (E)optetan tenkheyspesichegabhenratidd Rabene hNere26%314b) aand
a chronene con‘gound represented by the following formula (F) (refer

o

to a panphl e£C4PTIGR R RN HaPEREL 81 VHEN " WsDsy 0Beder)) shopédde high;

chrone co nd a o] i engt a LSk nge

5 hen Develtonlngt A op st dOnCE Ry BeohBuFRong! EhehupBiibaLTLh b

properties. ultravOCHat1DightHso (he #imdB3ERn theDSMPOBUREr&EuTHE to

INVENTION 35 or48:409 Lhehd qLoPRR! oehLomhe RLagk € L8nsss, ks
hereinafter) should be high;

(v) the repeat durability of this reversible function



15 ‘When the color is tobe adjustedbym xi ng together aplurality of
phot ochrom ¢ conpounds, for exanple, chronene conpounds, it is known
that a photochrom ¢ conpound whi ch devel ops a yellow color is
generally inferior in durability to a phetochrom ¢ conpound which
devel ops another color, for 20 exanple, a blue color. Therefore, a
conmpound whisHouias ke higlter awodor optical density at a yell ow range
(430 to 530 ,5 nm .than_a, col.or optical density at a bl ue range (550
Lo 650 nm | & es HEISALUPALI GYHH & PRARMEDARARRIT HRLRE HohblRe o8k
conpound, the Had eadfedite waddow G8liolg Ot itgRl JIRRYd-dnfld Re&mRldRa

color optical density may be referred to as "double 5 peak .
char act er i st9houlsbbe g ep)thatl] at g shisingarsatiidn tof indsehost material

char act egi st..c 0 i he chronene conpounds of the prior art
have rooér:’n for t]'ﬁs'ree ?)ergp%dg\%rre%{bq%ﬁf the foll ow ng points. For exanple,
al t hough t he chromenéasoeerndcHl reeprdsantde: Iphdtdeedemier frdragdia

(A) has practical é%\égis of col or ogti cal density and doubl e peak

char act eri sti€'®*S5% PBAFPOPT At AFAITER BINT BUGsa S IrEW Pagrryn -
speed. The GIHANMBAE-LOIPALRE 1LPRESSPEREs A Ehe Bhavs it &ofBbund
(O , (D or (E) also has roomfor inprovenent as it does not have 15
sat i sf act or sd@ublad tgaalofc rmua@sr il iFu@m ey dnpstigint Hector.
chrone co e ] i |.en

i doubl® pobieiiras EBIERTLY BY B ghiRePUALS hokiHy Bdeb sk £BiGraTtty
opti cal densiftphandchadnig cspeedirads i these anpoapdoub Qe Eas stiban

carbon atomis suhstituted by 20 a specific_aryl group, it has _rqom
for inprovefent OthEH@ﬁgep%'F tﬁ%?ntﬁg‘ei ‘?JIS C&’l}é’ﬁ)r/ ‘Bﬂgﬁ%ogrﬂ%’&’? i E261B8
referred to @g babserdtien €hds ecebRabhet} ~ deese beypnd- A2 md phe
the visible range with the result of large initial coloration.

Therefore, iffergatohecachenid isy eramertiven iforrEs phetacdrictd ca
novel to ' 0 n ' (311

ot al Bl eonpRsRaSnERRk SR LA AT Al A Tol ddde 8 iepg
|'i ght, hi ghtdokoofddsetopoeatiseendi¢ it thhe kiigH efrediceg iapdadahhilitygh
durability and exhibjts excell ent double ak characteristic. 30]t is
anot her obj gﬁ’t S8iv'teh h‘f)r%%cé%? RIRRT 9 & 5%19F8\? £ S GRAPRYAD which
conpound wWhibghi t Se BN halt endet abeef Dsdher i duskiengehst e CHL 0081
conmpound of the present invention. O her objects and

advant ages &RNERSRRR JEVE ioRiaTH AP IRT Lohb@evRtoRFhaEPERE $F GnitehRbral
fol |l ow d i pLLL0 The i r ent
inventi%ﬂ cga Ectﬁég pﬁt g%sfie\];gegtﬁ igg tg%g??gi ﬁ’et %etcgﬁ'gg’éﬁo j ects and
found t hat hheedoabterpeak dhgoathati.sti c can be enhanced, the

wavel engt h of theAagtg_to?rgtL% end .can be made short and the 5 jnitial
col oration can be"Tédirced é;ei%%&}]ﬁgé’ﬁﬁﬁuflﬁ-e e PER RN BngREeTERE y
of the 7-posbhbetindubshiéseited by heel ﬂd@lﬂ@ﬁ@ﬁ?tf&ﬂh‘dw elel(ekoBrangd
al so that when the_el ectron donating ability of the 7-position

subst it uent 3 BappBiehsed, InkerpadirgadpbaddaReenhlBOfdya68L3Yy Becone

| ower iy 10 i i el b g

" he ZhovSREPRERE! Onb8uhd Pepyesenced Hiftnd BEIIBKEROERAURUON)
donati ng aboti {§) of refier7tposi prophdebstift Tehermnhiciennét anndngpehe
above advan Lpvestigated the introduction of various 15
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6- position ppU1bkeng-ResilHNAd)(@etol tO 4 Pamptiles bEOMmternation#6

a result, they found that the above objects can be attained by

a
chronene cohpianePER WP TM04L Pt br @ stsamenie gopppuad] yepsRaedted ke
7- posi tion r iyNg,.k i 2 it

6 posi tion o b Dpis FATALP (B THLEEE b Bhe Bhefaltlecioh 82%s

i ndenonapht hbapgmaiNekd &8 1 arthd @& chepmeneetenpoonddoepregentipd by

having a Fagiet L, pNSI ANt r8Ba0La! 785 (02RO L3 LNELogused Lpto the

International Laid-Open WO05/028465). These chromene

compounds have two absorption wavelengths at a visible range



havi ng a skel eton represented by the above fornula (1) 10 dispersed
t her ei n. Finally, the present invention is a naphtho
conpound represented by the followng fornmula (8 : R8 (R4 )aR7 \ (8)
OH R wherein a, Rl, R3, R4, R7, R8 and=a ring portion including X
15 are as defined in the formula (6) in claim3. BEST MODE FOR
CARRYI NG OUTwHéf: deNeENEIEY a color aliexdiilaieracedtpatinchafattheristic
present invention |s a chronene conpound havi ng a skel eton
represent ed BYPRREEEBBve 20 formula (1). The fol | owi ng substituents
wi || be described hereinbel ow. (group 123) The group
123 in the above fornula (1) is an electron 25 donor group having a
Hammett const g& opcbﬁ | ess than O. The Hammett constant ap
i s defined ba 3 e annett equation that quantifies the electric
effect of a s ,
basi s of the di ssogi aty ﬁ\con“_~nt Ka of p-substituted benzoic acid.
A substi t uent haV| 2 drogen atom and a substituent
having a ap of |¢ , a hegative nunber is a
substituent 5 h el ect ron donating ability than the
hydr ogen at dfyCO es of thegagl ectron donor group R having
a up of less thH&eO0 incl ude hydroxyl group (up= -0.37), alkyl group,
cycl oal kyl group and al koxs~group. 10The group R1 may be an aral kyl
group, aryloxy group, aryl gfoup, am no group or heterocyclic group
havi ng a5nitrogen atom as a nenber hetero atom and bonded to the
6- position carbon atomvia the nitrogen atom These groups maybe
substituted by an elggtHpon donor tituent having 15 a ap of |ess
than 0. The aral kyl ofbup, ary M oup, aryl group, am no group or
het er ocyclic group T ogen atom as a nenber hetero atom and
bonded to tEF i atomvia the nitrogen atomis an
el ectron dond ? . ap of less than 0 when it has no

Y these groups are substituted by an

substituent.
el ectron donatb g{a ap of less than 0, they becone

groups havi ng d&uJ of |ess thanGmH3 ®) A detail ed description is
subsequent|ly given of the above el ectron donor group having a Hammett
constant op of 25 less than O. The above al kyl group is

generally a group having a up of -0.20 to -0.10 and particularly
preferably an al kyl gr¢tthaving 1 to 8 carbon atons in the present
invention. Preferred e hes of the al kyl group include nethyl group

30 (up =-0.14), n-propyl group (up .-0.12),
i sopropyl grigeGp §E§] group, tert-butyl group (ap
.-0.15), pentylX grp group and octyl group. The
cycloalkyl geoup ‘ a group haV|ng aup 10 of less than O
and particularly pref e 8 cycloa group having 3 to 8 carbon
atoms in the present Trventifon. Pref rred exanpl es of the cycl oal kyl
group include cycl opropyl gf&lp, cycl obutyl group, cyclopentyl group,
5 cycl ohexyl group (ap =-0.16), cycloheptyl group and cycl ooctyl
group. The al koxy group is generally a group having a ap of
-0.3 to -0. nd femsticularly preferably an al koxy group having 1 to
8 carbon at i present invention. 10 Preferred exanples of the
et hoxy group (ap =-0.28) , ethoxy group (ap

ad = - 0.26) , isopropoxy group, n-butoxy
O@ugoxy group. The aral kyl group is
of 15 1ess than 0 and particularly
p having 7 to 11 carbon atons in the
present inve ed exanpl es of the aral kyl group include
benzyl gy oup, group, (henyl propyl group, phenyl butyl
group and napht hyl net hyl group. One or nore hydrogen atons on the 20

=-0.21 ) , n-proyg
group, sec-but ox
generally a gr
preferably an &



6 tto 14 carbon atons in the present invention. Preferred exanples of
the aryl oxy group include phenyl group (ap =-0.01) and 1-napht hyl

. group (ap =-0.08) . One or nore hydrogen atons on the benzene ring of
the aryl group may be substituted by 10 a group having a ap of |ess
than 0, for exanple, the above al kyl group, cycloal kyl group, al koxy
group, aral kyl_grogp,cd, aryloxy group. The aryl group substituted by
any one of t 8 _gfoups has a ap of less than 0 as well.

The ami no gr¥ o@HeraI

-0.10. Preferre 8 ‘
group (ap =-0.66)
The substituent
preferably a gr
group and aryl

gsep having a ap of -1.00 15 to
e amno group include primary am no
am no group and tertiary amino group.

haV|ng ﬁi ap of less than 0, as typified by al kyl
3 he am no group substituted by any one of
them has a ap of ﬂ? Preferred exanpl es of the
secondary am no gro 0 d the ter |a§} am no group include al kyl am no
groups such as nethylam no group (ap =-0.77) and et hyl am no group;
di al kyl am no groups such as di net hylam no group (ap =-0.83) 25 and
di et hyl am no group; arylam no groups such as phenylam no group (ap
=-0.11) ; and diarylam no @roups such as di phenyl am no group.
The heterocyclic grou i“V%arntr atom as nenber hetero atom

Si 51 to

§ZTEO

and bonded to the via the 30 nitrogen atomis
generally a group W -0.40. Preferred exanpl es

of the heterocyclic gr~ } e an¢ pholino group (ap =-0.50)
pi peridino group (ap = ; 0 éﬁ@ group, piperazino group,
N- et hyl pi perazi no gr group. Further, these

heterocyclic 12 group : e a group having a ap of less than 0
= substituent include al kyl groups
such as net hyl uj z At he hetEyocyclic group has such a
substi tuent, |t ¢ a Op of lesgyfhan 0. 5 Exanples of the
het er ocycl i 3%?oup havi ng a substl tuent i ncl ude
2, 6-di met hyl nor phol i no group, 2, 6-di nethyl pi peridi no group and
2,2,6,6-tetranethy|piperidino group. In the present invention, since
the doubte paaicrburmmactieE sivwENafide chronene conpound becones
especially high, the oup RL is preferably an electron donor oup
having a ap of -1I@0t%§ faeldg et PEPLOREIGRd G lastisr deas %@
More speci f iedhliYoontdif OFRYP phe ot HRioRes ?ti'lc%)e%tmégr 0% e@&aﬁa f% gh
al koxy group, "aryl oxy group, am no group het'erocyclic group
havi ng a ni tfadg@ug sperada sihenmanipdo testheramiat grhaartd ddreded ntaveshef rom
6- position ca n_atomvia the nit en atom_ the Iatter four haV|ng
x boe of 15658875 oo3e sl SRR st Svper werte
het er ocyel i @h@t@umbamm@lasmﬂcr Q@ens aAnIvcas & 1TRHeS ﬂmtta_ral_ atom and
bonded to the_20 posi tion_carbon atomvia the nitrogen atom all of
whi ch have §°é816F10@JGGrﬁobeGOEGngaﬁ§r§§ﬂﬁFcéP§rFFIBP§?€r?é& b¥ealse

they inprovenkherbadi nghsnessk 4 sk 1?. @é&&f&&@%@%@@mch

absorption end. More specifically, the particularly prefe
substltuentsaglgéhe@tealﬁﬂunabswhoxyq25rgmeupsahw ey (4d) | o aghogher

h h | |
formil a (2 HFyed s fBer e Tais GG oRRE oL S st Sre e feererdn
30 carhon atnes @{wlcailom@ o meesd plis teae mat O tbeerhag 4 b@ubél@t?

ring is preferably 5 to 7. That is, the nunber of nenber atons
i ndi cat es t Ré PRAERFREPMEE W%msfwg fpﬁeeiﬁéim@l%n@l};@g@%tfomaepaéé,

the number of aLopRogh %haebat EHEBES%Q%I Ebh} Bgn&hﬁhiemaeve%g
ring. Since the chronene npoun the p esent I nventon r s
t he above hyeéﬂowrpngorlusbgeoaeslaychmdﬁgn@rcompdumdbﬁaimqgto a

excel | ent pgﬁgggghggh%cprO%%E&h%SWhich5bgv% %p%b%%%t %&U%% &%)fbrx
20 example, a blue color. Therefore, a compound which has a

higher color optical density at a yellow range (430 to 530



The al kyl carbonyl group is preferably an al kyl carbonyl 5 group havi ng
2 to 9 carbon atons as exenplified by nethyl carbonyl group and

. et hyl car bonyl group. The al koxycar bonyl group is preferably
an al koxycarbonyl group having 2 to 9 cambon atonms as exenplified by
met hoxycar bonyl group and et hoxycarbonyl 10 group. Exanpl es

of the hal ogem) attem ar eol buorpinecal aansctiyoritna alwemrangei(660atons50
and i odi ne atom o0 obt.ai n_ hi er daubl e peak_char a stlc
and fading SP¥edts ideFire G drcﬂlatfqpe a fcch’ﬁgo%vgl %&Fpsé
shoul d 15 hgyesielepigcimalonaki Ak Abidd Ede }aémlawc%wxeéﬁfﬁ@éy c?éhs:r.ty
oxygen atomor a group represented by the above fornula (3)

group representbg q pelabeRt fsingdenasi By maYt]h% r@rf@ergerlztcr §:5 “double

pref erabky hayi Hapwsg

exenpl i frgeda%%]ﬁq%r oge‘%rggﬁgsm al Ky r(%%%féé% 0<3§:Ici%1'c'l21 gr oup, cyano
group, nitr d:l'rgarsmpzlmnzladmdmmcammpfen:mmetshetheempnomene of orsbostighd |cofh
end and fadi eed. Fromthe vie I aof the doubl e _peak
characteri stﬂ% PE &Fo@’éfrﬁ?ﬁ%‘?nrozﬂnk% gﬂ?)‘?rr}mpﬂ%ﬂvﬂf Ofr ot EgHdovwing
hal ogen at ogaif-dore preferred. Mre specifically, hydrogen atom

met hyl group, 25 trifluoronethyl %oup and fluorine atomare nore
preferred. Fopy el L ou e Idihadvatte itdig i giygeonens é%@m%ﬁ'lcby t he

e | AT RIS B FAL b

formul a y pre erred so as rorre
conpound ha\amgoém:ebpemtamhmaemhtrpmrm pibubéetpesk éi(hfl&nt&zprsﬁim,r dd

hetero ring wll be described hereinbel fer het er o

o The pr 6SdHS FROBNE P MRTEVIIGHEY G4 bR T QSBhCaa1Bg THEeboyshe
formul a (2) dns-diegicctahbbuas :t:épfeé@fr@@cr%qf Bﬁé%rﬁbvel?zor_»magra (B), (C),
represented by the following formula (4). In this case,

t he skel et on(Dr)eQreéﬁht%%s%;}latshéoamo@@rfﬂdmmré@rrqr}t e LEplesemad h@ye

the fol wi g frgél bov. . I S
as defrin%d in tl%é at(a)ovr(iégrl%ieg ébd.lalf'ﬁ(eﬂr:g %?’g apr e?%rre%g‘l'l?%ltB tuﬁjh
sane as the tdpeouprexgina rwetpbondt hepabeaatgdohp 1Rl1e above formula t(Fe
above formul.a, X| as deflnugélnt bove .10 f

Ther ef or e, &Se?’é?? UKPESR RS TG %FH@&‘%%Prﬁﬁélcal

above heter QekieN@ of colorde%:L@l&lOM%ﬁt@t @Md Felditly apeedohsdieURs
represented by the following formula (3). 172 (3) 15 R2is a

hydrogen at @nCORPAUSRY Whssyd,-PRISLEL g 685 DR PSaNk S §HBEE L tatRENPY
group, b kyaylsar Shalc 10§111@a , 95 QURH salkoxy Fgroyp, r%rvarn%#c 9LOURe

aryl oxy group, ary grou ‘group, heterocyclrc group having a
nitrogen at em/\@m:mm it mtgeabamrmtrlsma spiegrmpnieoe beheeéearatioto

and bonds toq the nitro atom i above formul a (3 0
group, nltrgsgr%lafﬁor?BrLﬁ?I rg‘f &5re (#W a?Bon e@:ﬁﬁ%o fth 10t B

al kyl car bonyli sghoepraakjkowy enr bRa e SIDHRBLON dRj0gan takaMolbira t Rdni. s
the sane as the group explained for the above hetero ring. That 5 is,
Y is the same as Yhﬁﬁef-ﬁé’ehetlérésr RRgOP3BEES Bt EBChPrERgNEbsyEention’
f or mul )

enumnmer Zztéed or p&OVlde ai ndi catp?{rirj t he gﬁ%bgémg?a%ﬁs@}% pr efer aﬁ;é&ga)
1 fromthe whéwpohaiss laﬂ:td@ul;tnatpaak coﬂ@rracttl@n,sﬂmgmmlbﬁt foaadhmgll

speed, parti.,cul arl referably 0 fr vr e t of do eak
char act eri sEFBS? fty'when Rid® éﬁ’osﬁ%g{: rl'é&?rjrorrn 8}589158?9?%
a hydrogen atagichydt XYEMEﬁdl@b'k)éEe@zﬁo@@ld halgealdowlatanawy: and

al kenyl group,  al kyny group, cycl oal group, al koxy group, 15

ar al kyl gro@ﬁhléﬁyﬁo@‘c@r Get drpler @@Bk shere cgeddstiket erocycl i c
group haying a ni %Et 9eqnat - 3% %dEech‘Eheg}é’é&u@ﬁﬁ%ﬁeqioﬂoélﬁjﬁgo{rf?dé

car bon atom bonde eret6 via rhe mi trog atom cyano group, nit

group, forngl ngphupplhwﬁn@wmdr pbngh deoap, ialtleyimeddilbdary Ifogr dine,

al koxycar b0n¥oductgr Ouc?f gi’le éah &r?enneaggrrppound of tﬁéeg}creésre% fé@ggil::?gn()f
Other objects and advantages of the present invention

will become apparent from the following description.



10is an integer of 0 to 4 ((1+n) is an integer of 2 to 4) . In this
case, adjacent 12.1 and 1,21 (1 # 0 and 1) , 121 and 1R 3.2 (1 0O
.and n 0) or R12 and R12 (n # 0 and 1) may be bonded together to form
an aliphatic hydrocarbon ring or an aromati c hydrocarbon ring
together with a carbon atom bonded thereto. 15 Wien "nm' is 1, "1" is
an integer of 0 t 8 Imfentsoms émtiﬂgeerpnés@ntoiﬂveﬁnﬂoz(lldtm)d{uetad

integer of 2, to 3..,In this case, ace Rbl an 0 _and 1) or
] acent R SRR SUTIED LG g e D BDGUAIS S SB e OB

an al i phat i cciy Qe8I d0Pedk NEh&F o dFle AL OPBET EaAYHEO0EAREARAI NEhe
together 20 with a carbon atom bonded thereto. The aliphatic

hydr ocar bon ¥aYR)l¢ed e hychso fdnseratdge sad ggrabenrae ahert 2and fthe
and 1212. is r n
navi ng 35t 0 I ST bR St b S B A AR Wit o S EAE Qb
cycl obut ane domaf, iy cdlepkhtanet rt}m@ 7f,ycésbhb<xaneubsngtu@1yt:l Dﬂilephane

ring and ccho ctane ring. One more hydro om; on th
ol phatic by dRRICIRRRT TG She LERs PRt SUsBy- Heto vhadvE 8/ adAetron

group, hal oaidod t HHPHB 12Xy t%@%ppgélb%ﬁmseélmen%ow%ﬁa&@@éé&
hydrocarbon ring formed by bondi ng together adjacent R 1 and 121, R'1
and R12, or qufasﬁﬂmgq %Eeﬁ?% Préfierafyraini hi tyrdeeeony dkaeer bbm ring
havi ng top1r %} s, As exenplified by benzene ring and

napht ha ene r| e or nore hydrogen atons on the aliphatic

hydr ocar bon ri ng Tl:&mayhbelzsu@stmrsltte‘rdﬂghﬁ hE ahevabark Wi sgioamtage
hal oal kyl group,. al kox ro halo Preferred
exanpl es of q@lﬁtdo% %‘6‘?%%‘3 y?i'flyd%‘ﬁ e&llﬁﬂtrﬁi“o%‘bnam%m
group, al koxr e Py -k el 20 et udh @neh R &N A8k Bk n e iR 201506k
R13 are bonded together to forma carbonyl group together with a
carbon at omashitdddachansd cnv@gtigatatbddis ubk‘ﬁ@@lé@ﬁ%on RfarithiRPRg e
each preter en gr. e
Vi owpol B o e e e L e g S R S
10 atom netatylthyr dHpcid imet froxd/ tgreﬂuqo-pc@ntmn tdrbﬁae:aubstio tulent s,
R12 and Rn ?ﬁre eaqcrlﬁpreferabl y a hydrogen atom hal oal kyl group or
hal ogen ato & vi ewpoi nt of doubl e peak characteristic, and R'

and Rn, or Rn andaBnaareswief e} Fherdetogathghote &kpjé&@s can be
car bonyl group together 15 with a carbon atom bonded thereto, as

exenpl i fi ed aHFaEY@% §oh daCdmomenef |0@6an Fhaeh, of h@&ﬁmeaépws
and carjponyl r S I,
R e A e s i MR
characteri stlmlumn(gl tfh&rﬂ) pcsszparctn entiag +yo@1’eiemaiaalr>b021 dtomstahel the
vi ewpoi nt of fadin ee 3 fro he .vi_.ewpoi n doubl e ak
char nt or | specazo Se3RCEE Bemdd 18 Eher sPpEHBRaRhs RosY3E % AT ero
ring representieghbyhéheradoyet Fen MdrdH groaperdiManakelmvect BoRathie
follow ng formul as, carbon atons denoted by 7 and 8 are 7-position
and 8- posi tpemfc&eséntmr@@slsmnmomlmmm a(dﬂ)acerrteéppcsweb;a
19 nsl BEesthe GhlaneientATRONRdL0 LRRHALSHEA! LhaUANLLOR,BES
an |ndenonap pyran skel eton as represente ? ove fornula
(1) or (5) 4&nddihg.above groups as the 6-position, 5 7 position and

8-position substitut exhi.bit excellent photochrom c properties.
Therefore, althougﬁ u%%tlﬁﬁﬁéhgyaf: ﬁ§?5585|fP8ﬁ§Q%?%:ﬁ%P'c romene
particul arl yohmpBuhad hategf al kel e oshFremRiees SREP WA thavifkd 10k1ek
substituents is gartlcularly preferred as the chromene conpound
havi ng 10 efe&MHéat (BAot ochronic properties. A description is
subsequently given of this preferred chronene conpound. (preferred
chronmene conmpound) Qut of chronene conpounds having a skeleton 15

represented by the above fornmula (1), a chromene conpound represented
by the followng formula (6) is preferred. 20 R8 (6) Ri In the



fadi ng speed. To accelerate the fading speed, R3 preferably has a
stereoscopically small substituent. To this end, the 5 group R3 is

. particularly preferably a hydrogen atom (group R4) In the
chromene conpound represented by the abowe forrmula (6), the 9- to
12-position substituent R4 is a 10 hydroxyl group, al kyl group,

hal oal kyl grouenyl group, al kynyl group, cycloal kyl group,
9

al koxy group, gr oup, aryl oxy group, aryl group, am no group,
het erocyclic g g a nitrogen atomas a nenber hetero atom and
bonded to a benzere ed thereto via the nitrogen atom cyano
15 group, nitro groups pup, hydroxycarbonyl group,

al kyl car bonyl _g , @ carbopyl group or hal ogen atom Preferred
exanpl es of ¢ QV e . . hal oal kyl group, al k&hyl group,

al kynyl group, al koxygroiip, aral kyl group, aryloxy
group, aryl g i ngl 20 group, heterocyclic group having a

nitrogen ato S hetero atom and bonded to a benzene ring
bonded thereto via the nitrogen atom al kyl carbonyl group,

al koxycar bonyl group and hal ogen atom are the sane as those
enunerated for the group R2. 25"a" denotes the nunber of R4's and an
integer of 0 to 4. Wien "a" is 2 or nore, R4's maybe the sane or
different. : at e t.nyenti # 4 i s, nvelved
n fading sphsFehe 5 LRty gpt R o Rt

en at
preferably ajbrelteaiy o) GbIEY ABagr OYRkndMee FhEgUSEOLPi P ¥pricsetited
el ectron_absorhing graoup,,. it is preferably bonded to the 11-position
car bon a?oni?bgﬂ?té#éié&ﬂQﬁeéQ¥$ﬁﬁ§f [ ShtECHRSE AT ticul arly
preferred el ectron absorbing group is a cyano group or hal oal kyl
group, nore iNcally, cyano group or trifluoronethy2ygroup. 22
(groups R5 In the chronene conpound of the above
formula (6) R6 are each independently a hydroxyl group,
al kyl group, kyl group, al kenyl group, alkynyl group,
cyci oal kyl groupg’ al koxy group, aral kyl group, aryloxy group, aryl
group, am no_group, heterocyclic group having a nitrogen atomas a
menber het ePGEEEAT Kt BBrRE TS B BenSeheUT (i bR theFBrs SpPad
the nitrogemyat BB £ SYBHPi @ Gmulid 1(9) Greten k0 3k Q@] vObOHBed to the
hydr oxycar bonyl group, al kyl carbonyl group, al koxycarbonyl group or
hal ogen at om~-PESLELCE] C@Lkes &+ t he above al kyl group, hal oal kyl
group, al kenyl group, al kynyl group, cycloal kyl group, al koxy group,
aral kyl group, ¢yl oxy group, aryl group, amno 15 group,
het erocyclic grpup having a nitrogen atomas a nenber hetero atom and
bonded i@ a -befNene ring Rokded thereto via the nitrogen atom
al kyl carbonyl group, al koxycarbonyl group and hal ogen atom are the
same as thosgeeeureratiad of B di-bgedr 888m Ray@Eo0yr1 aftbue, d8RAt rbiig,
nunbers of the substituents RS’ s and R6' s, respectively, and are
each i ndepefRd@eRAiLfYan IrRiPgelEENy lt groupvhedkypylaggoup: sveleadkvi

or nore, R5] n : b i t t
Mnvent  on, R BUns PrL o tRs S RE JeoPe T o R actny SIS SER
char act er i seimd¢nengirégd; g tspeeg clAld boogh Hdrei mysbei sragdan Eosint whiish
of the substituents are not particul ar limted, they are preferably
oxi st ert® at Pt HEORERoR RO "ob & BERTEMBLFFHlgHRTEd SERET B0G' PRIGP AL
to enhance the roufepaabmchiatastBidwd Feraidaobi @ Byanbigndd, hadkag
speed. Wen "b" or "c" is O (hydroaen ato , the preferred

substi t uent §TaKER cACHMEA IR ghBHdpOXHFRERYIYLoTPOURR AdKYLE6BPLORYL
het er ocycl i up i iLtFrO t r _hetero atom and
bonded to agggg én%ﬁg§ﬁ§%8%P%??gt Vi 9%2%%9?P%§£%&5an1 as
exenplified by hySeogedlgt ohhe 23emehhylingeatpennithaxphetovhromic

dlnEth%g n]ggrgﬁggpcgggogg%ggglh%gc 23 taﬁ%%n%F% fgﬁgﬁgndgﬁﬁghn%he

having a skeleton represented by the above formula (1) and

a polymerizable monomer.



30 ‘the aliphatic hydrocarbon ring include single rings such as

cycl obutane ring, cyclopentane ring, cyclohexane ring, cycl oheptane

. ring, cyclooctane ring, cyclononane ring, cyclodecane ring and
3,3,5,5-tetranet hyl cycl ohexane ring, bicyglo rings such as bicyclo
[2,2,1] heptane ring, 25 bicyclo [3,2,1] octane ring and bicyclo

[ 3,3, 1] nonane ringhiadlytrthy¥choesengsisuehtasnadamanpabeothmic
Qut of these, a single ring forped by bonding together the groups R7
and R8 exhi bPPElg2p&4G IGharPychics & nlvarrerpldsd sraduatcCabapnénsg

of the singlg &hpgmbas! HE!ﬁPSME!iOBH{@HS b Bgel@fghop.‘@g&@@%n:&ieﬁgb the

cycl ohexane ring, cycloheptane ring, Cyclooctane rin cycl ononan

ring, cycl odeeavie famplnd 13 digpebsed thwtmedmeahyd cpolsthéxaneé meémiger .

Qut of the above single gin cloqctane ring .and 10 3 3., 5, .
S-tetramd: hyl cyol oHLYREL PP RE BEECRA I FaF PIS BRI TR 16 3 pREcal
chromene congpetinel @thahihpbavwpt idalikabEbYatetiiosdigigface 1@at least
including 7-position, 8-position and X is preferably a 5- to

7- menber ed HAEF P HRLTRE MRS BYLYHRT 151 Hb G of 6PRET AtEant pawt,
this case, t dek Sl edy by | awg
formula (7) ¢E$£§%§”?g§ ?%ﬂ?ﬁg?ag%%g ?géﬁﬁﬁg% E%? E%?ST%§% éé@ﬂ%g?d
R7, R 8, "a'havinghd akdletdnarepnssertededyi hhehababevéofoniral 41§6)

, and t ri ortion_represented by the followng fornmula and X, Y,
Rao, Rl ? Rﬁ%%é%ffegltgegﬁ%nand "n" are as defined in the above

formula (5) 26 Rilhally, tHenpeckbatgl @u@st idn tie aahepet hel brdund
are as defined in the above fornulas (5) and (6), preferred groups,
the nunber OfSR¥RSRERY Prichi’ EAHLPWENPOoEPTTBH 6$)fhe 5
substituents are the sangsas those explained for the basic skeleton
repr esent ed @ykt e€—akove |forpula (5) and the chromene conmpound
represented by abpve oRmul a (6) as a matter of course. 10
(preferred exanphes 4 ronene conpound) In the present

i nvention, preferreéeo apkes of the chronene conmpound are the
fol |l owi ng conpounds. Cl OCH3 OCHB3i 29 (identification

of chronene cor The chronene conpound ¢é t he present
invention is gxiste g1 acpomatic or |ight yellow solid or
viscous 5 liduid at tenperature and nornmal pressure and can be

confirmed by the follow pg neans (1) to (3). (1) Wien the proton

nucl ear magneti ¢ Xesondnce &lectrum (11H NVR) of the chronene

conpound i s neasured, &,peak based on an aromatic proton appears at 8

of around 5.0 to 9.0 anllo and peaks based on the protons of an

al kyl groupwharelrkexy RJ; orp, &id rRh, &H°kghane gtoypappeat @tciSefing X

around 0.5 to 4.5 ppm, By _conparing these ectral_intensities

rel ativePy, 395 5L 11‘&%‘1 tHe %t%ﬁ@mb]fa bgﬁdsl%a‘#%’é“ khown.

(2) The conposition of a correspondi ng conmpound can be 15 determ ned

by el enental analysis. (3) Wen the 13C nucl ear nmagnetic resonance

spect rum ( 1ZESOVBICIHF EQie GARhaHe AOhpGimdIENRENIr ed, a peak based

on the carbon of ar i G _h r # f__ar.qund
e c%%ér!éa e %%%ﬁ)%%rnt&) L ¢d t%;ép é)%‘%%%%t] %ltve%t%on 1 Sp

S .
110 to 160 ppm a pe€ak on The carbon © a ﬁy eneoxy gro
appears at ghaformreuodmBOuhad Hadi ppr skade peakshasadtonl bhrettashons
of an al kyl group and an al kox roup appear,at 8 of around 10 to_80
ppm (pFOUUCETBNIS dddss BRCch?bHERERS GHbutiits NoBHR e br bf (es+ 1bed
process of HhgGhamRe conmpound of the present invention is not
particularly limted, and any synthesis process may be enployed. As a
typi cal process which is advantageously enpl oyed, a correspondi ng
napht hol co&ggﬁgg %ﬁ? a correspondi ng propargyl al cohol conpound are
30 reacted ach’other. An exanple of the production process of

the chronmene conpuhedgiepperénied by dbweralfareniler nul)a i(6 hrivelileclheon

descri bed herei nbel ow. _
25 donor group having a Hammett constant o, of less than 0.

The Hammett constant op is defined based on the Hammett

equation that quantifies the electriceffect of a substituent



The chronene conpound represented by the above fornula (6) can be
advant ageously produced by reacting a naphthol 30 conpound

. represented by the followwing fornmula (8 wth a propargyl al cohol
represented by the following formula (9) g n the presence of an acid

catal yst. Rl 5(wherein "a", 123-, R3, 124, R7, R6 and the ring
portion incluehags %oaa&n@éieéf&@gygeeﬁ% 99@%51@8Pltﬁe(@séoc1e§tlon
(9) HO 0O (wherein "b" Rs and R6 are as

defined in tHOHERe $%r%|a %BB’SPEU’CPH@ ]ﬁa’f}ﬁ‘Phél a@@aﬁpoﬁcsubstltuent

repr esent ed oV o] S V|de a ound
by the presel%/v%l@n%en Fooer;ﬁfO {gl%%yfi%%ue#‘ ?@Iﬁ Cg'a §&§§99¥§@n8%§%
128 and t he a bpefpbess ahanne| twhiamgi X, esmgaiasve nutnberab@a&;dmmdwent
(2) ) ar defined. i,n th abovef rmJIa 6 Ther fore, it _should
be uhder St oqtF TS SRR SHET R AT Toh Y (ohathl She gy e
directly app;hicﬁﬁi to these groups and the portion. In the
present invention, preferred exanples of the naphthol conpound

represent ed by t h&xavnles ofnthe e3pchrentdrndnidneNmE’ doapnmds op &l

OcH3 32 less than 0 include hydroxyl group {6, = -0.37), alkyl group,

cycloalkyl group and alkoxy group.

10 The group R* may be an aralkyl group, aryloxy group,
aryl group, amino group or heterocyclic group having a
nitrogen atom as a member hetero atom and bonded to the
6-position carbon atom via the nitrogen atom. These groups
may be substituted by an electron donor substituent having

15 a op of less than 0. The aralkyl group, aryloxy group, aryl
group, amino group or heterocyclic group having a nitrogen
atom as a member hetero atom and bonded to the é6-position
carbon atom via the nitrogen atom is an electron donor group
having a op of less than 0 when it has no substituent.

20 Therefore, when these groups are substituted by an electron
donating group having a o, of less than 0, they become groups
having a o, of less than 0.

A detailed description is subsequently given of the
above electron donor group having a Hammett constant o, of

25 less than 0.

The above alkyl group is generally a group having a
cp of -0.20 to -0.10 and particularly preferably an alkyl
group having 1 to 8 carbon atoms in the present invention.
Preferred examples of the alkyl group include methyl group

30 (0p =-0.14), ethyl group (op, =-0.13), n-propyl group (op
=-0.12), isopropyl group, n-butyl group, sec-butyl group,
tert-butyl group (op =-0.15), pentyl group, hexyl group,
heptyl group and octyl group.

The cycloalkyl group is generally a group having a op



OCH3 Ordi nary napht hol conpounds can be synthesized in
accordance wth a reaction nethod described in, for exanple, 5

. Journal of Organic Chem stry 69(10)3282-3293; 2004, Synthetic
Communi cat i ons 23(16)2241-2249 (1993) anglgW01/60881. (process of
synt heti zi ng napht hol conpound) 10Alt hough the process of

synt hesi zi ngof heszaphihd anameotnidulenrigspregdray lyhe cgbove 1kglngtdup
(8) is not part| cul arlg limted, it can, be synthesized as follows,
e

for 33 exanpPElnA Heh ﬁec%%uﬁﬁo‘?“%p?"ésEHFeHrﬁﬁePEelF-BPPB\?\PHg

fornul a (10)pf@Yye-PeeBUELERSEE: aSF 2L h€3GERT 0 Q1 K JRY y ed
based on thePfoI{Iaovm ng d%g%rre%ts ¢ agg of1kY gquﬁ mﬁggg%%ve

formul a, X mcmmrmxfér@rta@pdewrnb@lbuhyl h@rabpvecmmpeatyz) groupe
above forrrul a and, t he aboye forml a ( For e | e, nzene
conpound rep‘?%é%%ll?%’ayjoygﬁfépl Pfozl'logl\jii%gf ‘?T]Lﬁ}éeRflﬁf%%ean
synt hesi zed d¢ycbesot@hngeowmpt h a reacti on nmethod described in

Synthesis . (10) . 839-840; 1986 and Journal of Heterocyclic
Chenistry, 26 (4) Theosdlusd Jrue® iECHSTETRdlYeRado8p haNéRgenesy of

conpound r epresetSd pyo tdigq 1oa £01 LoV Dy T OF 8BEBab 1) aff 301 PEx
synt hesi zed in accor dan%:e W tl}%aa react% I?rf\et hod descr | be%l i 90

Synt hesi s. (H@ying 2R400 29 7Qarhen 72 td@he e st h€opnesétht ionent{32) .
3747 374 .2 442 450: 200
13 :%§§%é¥§g %Iﬁ§§g%%ﬁk&&lﬁB&%&%%u%gxgé o¥%§r up

of ‘example;” a benzene conp pr e

foI | ovm ng fO(r Lao(23) ,camnbs rblesi(aed=L o, g@porﬁia EE60 M @ou (G
reacti on net hd(% descrlbed in e?rahgdrgﬁ Letters, ]B 6% irhg P P

2071-2074; 2005 Zd GS&QEPEOF%%%%P Ré’sé&%%@%ﬁé\%’lroﬁ%n?u’s?w group
604- 608; 20Qkhg Q% (HHo p. After the obtained

benzene conpound is brom nated, "a 5 Gignard reagent is prepared and
reacted with aci d T amdkytlogmbtlpl ns ag@mnmiph;ermrm:mmrmamng a op of

represented f ol arryin
ouf t heT t ob E"ér re@f‘c il odn éfal\%néld%EIIQEIr| za ?éeé;rc%g%ﬁ et‘% ﬁé’yf é'up )
benzophenonmmrngomcto aLma:;ﬁHHm-l mmrmomde rm@@emtﬁﬁrém:iche
follow ng far (165% bt ai ned and dr ol zed sing an_ al kal i
or acid to O FBORYFF Catha ap Ryt Sab By PR 64 dGou
forml a (16bheﬂ¥®é%hyﬂ¥¥6u§5ﬁheﬁyipropylggbﬁpc%ﬂQgﬁﬂﬂd%jyﬁfbu and

converted into an amne by a nethod such as Curtius rearrangenen
Hof mann r eame@iFdyEme tdry 1L aszap reéﬂﬁaﬁ@“eﬁ@me hydd ogedi azomsupns she

i's prepag gedbfél YO NG ?[Hr%% 1Y §,4h 2 Ilke aamy%n %é)%rtﬁ%% e t%% )

brom de rreye eaction or obtaine
is react ed WriduTRgHeal G Lé@swnatrpoprﬂ@ﬁreecaaﬁpl@r gaBECaxsmieablkyl

reagent. R4 and"a" |nth ablgveformj 12 to (16
def i nedi nt h&T2H8v e F&HAA PO s TRy "’]")eaaga%’ﬁt YR 4R ed
Wi th a ket oneyneriesestsd tsaﬁdeeizﬂ@ @1 feohpmHaidg(dd bukri8lehe

70C in an organic solvent for 10 mnutes to 4 hours to obtain an
al cohol nut &risab Feprfeseasethdy O,hé ff bheowragkybrombep (IE8pubkEik8ted

25 Dby a group having a op of less than 0, it has a op of less
than 0.

The aryloxy group is generally a group having a op of
~0.6 to -0.4 and particularly preferably an aryloxy group
having 7 to 11 carbon atoms in the present invention.

30 Preferred examples of the aryloxy group include phenyloxy
group (op =-0.49) and naphthyloxy group. One or more
hydrogen atoms on the benzene ring of the aryloxy group may
be substituted by a group having a o, of less than 0, for

example, the above alkyl group, cycloalkyl group, alkoxy



(17) (R7 and R8 in the above fornmula (17) are as defined in the
15 above fornula (6)) 7 OH( 18 ) R1 The napht hol conpound

- of interest can be synthesized by carrying out the Friedel-Crafts
reaction of this alcohol material at 10 {p 120C for 10 m nutes to 2
hours under a 20 neutral to acid condition. In the above reaction,
the reacti ongratipp @falkel abeyep obHaaH¢1 6By aroepgentnd ket PRsup
represented by the above formula (17) 1s selected fromanong a w de
range but gefidpalijuksed df éayr pom @f rdife @rouprohes a0flofnbeas than
ratio). The geactjomtenperature is 36 as the solvent. The napht hol
conmpound represented by the above forrmula (8) can be obtained by
carrying out the HAliedelylCGyadts regehearaldfy &heralroholingierj af 1011
the neutpal to id conditiagn. The acid catalyst is preferably.5 |,
sel ect edgfroﬁﬁ a%gt aeﬁﬁgcﬁalh e of iRF ?]Eﬁlyi%lafrbr%)@%acq‘iﬁug having
benzenesul f ai o acd deaod®| denes Ul e BEd e di @ebgle BbiM Na:e fl8-eg

acid catalyst is preferably used in an anount of 0.1 to 10 parts by
wei ght basedXaNAbEs pirithe pyyhekylarafr inelufe gisinyiagreeunl (cpFor0 t0i)s

reaction, a e tetral fur ene is
used. (i denta}%ﬁ \éa?l %8?11‘&%9 lﬁ%ﬁ?%éﬁpc_onwp'g{fﬁd) @%’g %%%?%&9%5%%5@3: T
the_ present arn\rdogt ben.Ziegl_eefongecmf tdee anrvdc hrongt meyadpe |sujidt yvltedvby
solid or viscous 15 liquid at no | te eraturf and nornmal pressure
and cantBe GoMGHRLATRIINE Pol Pbut F5F s §1)29% PATDLY 1) Afn @R

proton nucl edrkyTeghRRiS, ©§20Ban&el1sgeshpyna (kdky NMRu®Sf drhea map deh

compound i s neasured, a peak based on an aromatic proton appears at 3
of around 5.9F BEYIOFYpAHPID - antiHeHREl Fasewp sHPelkd tptedohy Y e of

al kyl group, l%%}@ (Yel¥ly Lyl gr.o ar at Sof
around 0.5 ttﬁeg pm %y corﬁf;l}?pi %3 ?ﬁlé’ée%g%gctor ;é]% i%%ltaérisi ties
relatively, the ntieeamirioghreuprd geserh ngnalgroap e kmpens, of -1.00

(2) The, conpasitj of _a correspandi ng_conpound can_be 25 det.eri ned
by el err%%t g}% “ana Sl& 's. Pr?%f’%ﬁéﬁfﬁ@#?é— o c%‘g‘gr a%@ﬁeﬁi"’@@e&@ﬁ??fgg
spect rum ( 134y @ﬁni&fdﬁg&@ﬂﬁt he| canmosnd decdmasty hird Pased
on the carbon of an araomatic hydrocarbon group appears at of around
110 to 160 pfAtid e aRiPLsTYCHR -t hERR T HoORE BFUSRE O Hhe sesesp 1yt Siip
appears at afr. : t 0. ad : rbo

of an al kyl %ge%&%%%qgﬁl%alg%gggé &%8 6: appé—’lg)rel%};fa %%a?%t}}nlgﬁl?tog’ gg
ppm (synt hésiss dhaprdpargylvraifdedody a3y Tigeqropadgtyhlgowhyl. The
conmpound. represented by the above forrmula (9) i n _already kn
combourt | TRESHEL TP SHPEEAERLERrRE Y HE 5 SPRTnOER e s fgr Tess
exanpl e, bytheacvi ag weh0zoprehancd HoE L T edRosdcogdheyt Baibo

above formula (9) with a netal acetyl ene conpound _such as |ithium

acetyl i de. BEF88 #0¢ THOEGELLBRY GO §TOMPCHREHRAR SR AIHEC FRauPs
reaction rat.i.0:.0f .t tont I . Al .
conmpound i stsllslg eétsergg?lggir)ng&la%élgd a Ba;tgj'}g Bfolr??b]ag})&)f%?l?l%xr%lng)r BQB%”
rati o). As thelayildmdaiafystipssswstedssdimethylanite geazenesukFonsa)

acid, psdtol esu ' ' acj mna._ The acid catalyst is
deed i P ARREH GRS AR, Srdpt e PR Rl B5LE S56RREPr o
wei ght of t@%oﬂag t(@hazl:—@fli_h? saghihatvtanpagngraigdst Bachar gar gyl

al cohol compound. The reaction tenperature is preferably 0 to 200 C .
An aprotic FrERAPY LEBRPENETOWh as N-net hyl pyrrolidone, dinethyl
formam de, tetr ahwﬂéqiew&rbcﬁqmzcegeoe? HR}4RNG o5 AR EE ABh A LRefnas
the solvent. The nethod of purifying the 20 product obtai ned through
t he above r8ateirenatemod pantecdutartihe lbi-posdd.ioForaekanpleym tvie the
obt ai ned. product may be purified by carryin ut silica gel. colum
o 1§ R ERGoREY AEF LECYSRP ATy ot SFOR A ehly oy 6y g - 00 to
properties eob.ebronerefeorplWdinpies of tHdBetéhecebl D8RI WGONPROUAEe

of the present invention has high double peak characteristic, when it
morpholino group (6p =-0.50), piperidino group (op =-0.83},

pyrrolidinyl group, piperazino group, N-methylpiperazino

group and indolinyl group. Further, these heterocyclic



25-:controllability. For exanple, a nethod in which a thernoplastic
resin and the chronene conpound of the present invention are m xed

. together in a nolten state to forma lens is enployed. Further, a

met hod in which a polyner film containing,the chronene conpound of
the present invention 30 dispersed uniformy therein is forned on the
surface of arl&nSs Ry angBthQdglBuphhghi hfiea CHI QIENE: LONPOUNT, of 5 the
present invention is ‘dissolved; for exanple, ih silicone oil and'5

i npr egnat ed WS- ttHeeRr f FoEeles [Hhsha s180stiswBUC nrlude tallaol

mnutes is ]ﬁg@ d e e i :
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ot hod | 5 GhATEL o 6 TS e e SR L C 0L { FOT Rg R PP HEL ERant
chronene compunthedf2 fea presePindMesnt 189 9@, pol ymeri zabl e

mononer is polynerized by a predeterm ned nethod to obtain a | ens my
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Cont ai ntRg. CHEAROSHIRE RO ey Grrohenss-gretint Hevants arbecia1ly
di spersed thergi,n 10k thengptricals preFeratay bheaR:takiidime droup
phot ochrom c lens (optical article) (this nethod naybe referred to as
"coating netieodrig ansencfhel pofyher-9i2imewontel ey grmipch compregated
conmpound of re I I LSp e renn. s he
AR efBll LRLRNlR0n1dLSPelS %@@r RNk ﬁggkggg?ggt ne

optical 20 substrate, the“surface of ‘the p

coat ed w t h hydouralll greubst ancelkoxy groumn thelaligverphpt cahimonigeoup
curabl e, conposition, the polynerizabl.e nononer in use is not
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nucl ear’ TagR&PHE FRSRSAPECIES B8 the product was measured, it
showed 31H peaks based on 20 an al kyl group and an al koxy group at
Sof around 0.5 to 4.5 41 ppm and a 15H peak based on an aromatic
proton at 8(BEt§FOUKATS)0 to 9.0 ppm Further, when the

13C- nucl ear magnedy gﬁﬂgﬁ i

peak based on th?%gr%%?lg of fﬁpgggg&gg}aﬁ%gﬁ;ﬂ%%@%1%@&%?%&@%%
160 ppm a peakihaskdtemothingdmydmdifngahhal kypencokyn group-pds Bt bbn
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fromthe abe¥eeresulihg tiBabreferi®liyssl abed profuet 1¥astBe CRAIRBEANoF
represented by the followng formula (21) . OCH3 Exanples 2 to 5
member atoms indicates the number of atoms forming the ring
and does not include the number of atoms of a substituent

substituting the formed hetero ring. Since the chromene



No.: Raw materials Product Yield rate(% Naphthol conpound

Pr opar gyl

al cohol conpound 2 aik CH3 WIIl CH3 40, OH OCH3 OCH3 H

. 41 a CH3 114 CH3 isO r OCH 40 it OCH3 OCH3 65 HO, OCH3 3 H
C CH3 OCH3 HO 410, OCH3 Ca OCH3 H3c CH31ggt . ocH3 67

10

15

20

25

compound of the present invention forms the above hetero ring,

it becomes a chromene compound having excellent photochromic

properties.
(2)
8
7
X

In the above formula (2), X is an oxygen atom, sulfur
atom or group represented by the following formula (3) bonded
to the 7-position carbon atom.

R2
—i\ll_ (3)

In the above formula (3), the group R® is a hydrogen
atom, hydroxyl group, alkyl group, haloalkyl group, alkenyl
group, alkynyl group, cycloalkyl group, alkoxy group,
aralkyl group, aryloxy group, aryl group, amino group,
heterocyclic group having a nitrogen atom which nitrogen atom
is a ring-membered hetero atom and bonds to the nitrogen atom
in the above formula (3), cyano group, nitro group, formyl
group, hydroxycarbonyl group, alkylcarbonyl group,
alkoxycarbonyl group or halogen atom.

Preferred examples of the alkyl group, cycloalkyl
group, alkoxy group, aralkyl group, aryloxy group, aryl group,
amino group and heterocyclic group having a nitrogen atom
as a member hetero atom and bonded to the nitrogen atom in
the above formula (3) wvia the above nitrogen atom are the
same as those enumerated for the above group R*.

The haloalkyl group is preferably a haloalkyl group
having 1 to 8 carbon atoms as exemplified by trifluoromethyl
group and 2,2,2-trifluorocethyl group.

The alkenyl group is preferably an alkenyl group having
2 to 9 carbon atoms as exemplified by allyl group, propenyl
group, 1l-butenyl group and 2-butenyl group.
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The alkynyl group is preferably an alkynyl group having
2 to 9 carbon atoms as exemplified by propargyl group and
l-pentinyl group.

The alkylcarbonyl group is preferably an alkylcarbonyl
group having 2 to 9 carbon atoms as exemplified by
methylcarbonyl group and ethylcarbonyl group.

The alkoxycarbonyl group is preferably an
alkoxycarbonyl group having 2 to 9 carbon atoms as
exemplified by methoxycarbonyl group and ethoxycarbonyl
group.

Examples of the halogen atom are fluorine atom,
chlorine atom, bromine atom and iodine atom.

To obtain higher double peak characteristic and fading
speed, it is important that, out of the above groups, X should
have electron donating ability, and X is preferably an oxygen
atom or a group represented by the above formula (3). In
the group represented by the above formula (3), the group
R? is preferably a group having a Hammett constant op of -0.20
to 1.00 as exemplified by hydrogen atom, alkyl group,
haloalkyl group, cyano group, nitro group and halogen atom
from the viewpoints of absorption end and fading speed. From
the viewpoint of the double peak characteristic, hydrogen
atom, alkyl group, haloalkyl group and halogen atom are more
preferred. More specifically, hydrogen atom, methyl group,
trifluoromethyl group and fluorine atom are more preferred.

Further, out of hetero rings represented by the above
formula (2), a heterc ring represented by the following
formula (4) is particularly preferred so as to obtain a
chromene compound having excellent photochromic properties.

This preferred hetero ring will be described hereinbelow.

(preferred hetero ring)

In the present invention, the hetero ring represented

by the above formula (2) is preferably a 5 to 7 membered hetero
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ring represented by the following formula (4).

R’IZ 13
n
m 3
R1°+Pl\x
R1T

In this case, the skeleton represented by the above

formula (1) is represented by the following formula (5).

In the above formula, R! is as defined in the above
formula (1) . Therefore, preferred R' is the same as the group
explained for the above group R'.

In the above formula, X is as defined in the above
formula (2). Therefore, preferred X is the same as the group
explained for the above heteroc ring.

Y is an oxygen atom, sulfur atom or group represented

by the following formula (3).

—N—  (3)

R? is a hydrogen atom, hydroxyl group, alkyl group,
haloalkyl group, alkenyl group, alkynyl group, cycloalkyl
group, alkoxy group, aralkyl group, aryloxy group, aryl group,
amino group, heterocyclic group having a nitrogen atom which

nitrogen atom is a ring-membered hetero atom and bonds to



5.89 0.00 80.39 5.88 0.00 65.0-9.015H 60.5-4.519H 3 81.48 7.16 2.22
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65. 0- 9. 014H 60. 5-4. 527H Exanple 6 geval uati on of physical
properties of photochromc plastic 5 | ens produced by coating net hod)

The chr onmenetkhenpauadjeebibonde the Ehevabdyemaexanpl)e wpsndigretip) hit fo
phot opol yneri zation_initiator and a_pol ynerj zabl e nononer

t he
resul ting m XEerR WeRTBYH| Fed®o ?Y@%W?%%EO%YI aIT e, s%ﬁd%‘ﬂ%%%bo%]d
ultraviol et Light, WSkl AR BA GIcRY ¥Ierd Z85d e et | ‘?Hié'%ﬁgnthe

the surface of the [ens substrate. A phot ochrom c cura
conposi ti on prupaedheygndwp mygnlogeatdibifo30tharakoby hegegcofing. That

2, 2-bi s(4-net ha | oyl oxypent aethoxyphenyl) propane, .10 15 rt.s, by,
Thas o 5ol yEUhy! ety BT diadr SParhe (AFESaINE shirap-fleipytine
532), 10 pardisoby fmssubd (2} net hyl ol propane trinethacrylate, 10
parts by mass of pol yester_oligoner hexaacryl ate (EB-1830 of Dai cel
UCB Co., Ltd.) anfrﬁfﬁﬁ%eﬁﬁmﬁé%%Y@%g]a?lﬁ?@%%FFPéﬁee%%e%@%ﬁ

20 as radi cafopot ynepivzahhe HPRAEt e ruRdét &ymasoﬁréférgﬂign@r&
conpound obtained in Exanple 1 was added to and fully mxed wth 90

parts by mask ffomhile vieweints ihe dadbial ppakyrkarzabérlsvhoneng,
and 0.3 Bartﬁ%%ie@lssﬁege;c%ﬂ a%‘%quu{l%r?y;?%ré%eq:gbly 0 from the viewpoint

1- hydr o%ycyc etone "an

bi s( 2, 6- di nesthaikyislw qydak 2o Aadtereéthyd - pentyl 44 phosphi ne oxide
(weight ratio of 3:.]1) as a photgpol,ynerization initiator, 5 parts by
mass of bis (1, 2K 2 B, 68 peAbanRt h§Te4epFPetRasPsndenatyta hyrogen

Gyl enbi S(orgct RYCEaD) T3S TERY SR Ay RAy groue, alkenyl
tol yl) propi aremd], aslkyrhldrdwer cycheatkybygners, ofilkoxy group,

15 aralkyl group, aryloxy group, aryl group, amino group,
heterocyclic group having a nitrogen atom as a member hetero
atom and bonded to a carbon atom bonded thereto via the
nitrogen atom, cyano group, nitro group, formyl group,
hydroxycarbonyl group, alkylcarbonyl group, alkoxycarbonyl

20 group or halogen atom.

Preferred examples of the alkyl group, haloalkyl group,
alkenyl group, alkynyl group, cycloalkyl group, alkoxy group,
aralkyl group, aryloxy dgroup, aryl group, amino group,
heterocyclic group having a nitrogen atom as a member hetero

25 atom and bonded to a carbon atom bonded thereto via the
nitrogen atom, alkylcarbonyl group, alkoxycarbonyl group and
halogen atom are the same as those enumerated for the group
R?.

R*® and R, or R* and R* may be bonded together to form

30 a carbonyl group or aliphatiec hydrocarbon ring together with
the carbon atom bonded thereto.

The aliphatic hydrocarbon ring formed by bonding
together R'® and R', or R'? and R*® is preferably an aliphatic

hydrocarbon ring having 3 to 10 carbon atoms as exemplified



y- met hacryl oyl oxypropyl trinmethoxysilane as a silane coupling agent
and 3 parts by mass of N-nethyl di met hanol am ne were added to and

. fully mxed with the above m xture to obtain 10 a photochrom c

curabl e conposition. Subsequent | y;7about 2 g of the

phot ochrom ¢ curabl e conposition obtained by the above net hod was
applied to the swiantomdina 4i8ns sykibbateneCR3dy,aey¥l bpeh€sh8 ring,
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fol | owi ng phot ochram ci prapeiritesediof e @btal neg’ phwtochimBder of 0
plastic lens were evaluated., [1] Maxi num absorption wavel ength
(Amax): Thi sE® &+t h8 naRi MmMEERERs pPli bR hav@ikddrmapt éF @Blgiteger
devel opnent gbtained, by means of the spectrophotoneter (MCPD3000

i nst ant aneous nul ti-channel photodetector) of O suka El ectronics Co.,
Ltd.) and used as Warern nuek iof Gol'dr” dts tare iritegef @bl brtaeyelaophent”,

30[ 2] l.or optical , densit 0) . ,This.is the difference _between
Sbsor bale (Y 501 "4FoRE phod R dhdd s L kpodh et 2fb FE” =
above maxi muhiabseige, eijsreelterdt rang’lsed a9 amd ndexréT ae@ @f? (1
optical density. As this valye becomes |arger, the photochromc

properties Feldhd E‘eiftoér?r K5 andsR Do 8 %R)GP%Y% berded together
(Ay/As): Thi, it aéﬂgpﬁtf@lrg;dﬂ%azp@én densd tor (4Y: a¥ahate; of
Xmax) at a yellow range (430 to 530 nm and col or optical density
(AB: val ue diydunmedrbon rangatdfeehenmidh( 8533160 omponded rdeded .
an i ndex.of double,5 peak characferistic. . [4] Fadi al f perjad
[T/ 2(sﬁe€§. )]: ti rrgthegguf“r ed"f %r tﬁe ste(?ﬁlctlil%rfégo T o egaggoé barte 4t #°
t he above maxitagaraksdrQticon wael efigih) ofs arsaifptegdd df 2 afo 3. In

fs(120)-6(0)} when exposure is stopped after 120 seconds of exposurg
and used as @HS F@8L-189ACERY Rg epeeB. Ad Th? ¢ KEcAdgcent R

shorter, thedfaging %Rﬁﬁﬁdb@?ﬁ&?@a%@ﬁ&édt £S5 a2 Rd 1 EXBk i ¢
After the photochrom c plastic lens obtai ned under the above

condi tions hydrsegrion ragplar and akepetile hiydrdmeak by wing dagethiee
transm ttan T96) 0 t.o 0. he sanple is neasured

W th anEEI tS@\Fiﬁlo%etca\%%bgﬁ-b%gjognpebﬁn%%&m oe(r%r‘jeettteor' (UV- 2550 of Shimadzu
Cor poration) at rchm bédpésativ Gyddccanpent ringe fendawy @orddieg

obt ai ned transm %lt ance, curve tq,ensure,t hg{o the transmttance (T .of

the transm 87 e(?ura\?éaﬁfg’steéz a m of ’5024% & as o B0 3BEaRn 4°S
wavel engt h gfrarairaibikher FARYALLRNGR drBhar@ord %ﬂ%ar}%f&tng} 1N&o 10
beconmes 0 a$ the absorption end (absdrption end of The spectrum and
used as an icad®enoftions isd exsimpldtfiied o cvedanianana wEmopt i cal
article,suc tacle | i I b | l.er, the
initial 2%ol l(‘}nygt%L P%R%%§%O%$%5%§§%n§%&%[ @“@an@ﬁ%@f\%@%n gLrﬁgHo
i rradiati onclyedoiesthnghetng ahl] cidiesamedrio nti am. { Tohe okhRore hydrogen
phot ochrom c pl asti cﬂflens obt ai ned under the above conditions is use

d
as a sanpl e 3&RHS| 5 ﬁnfg}rﬂ’]?%ﬁk% hvieycagedp g SRy bR ?’s‘bﬁéé_EHF@@
with an 30 wht e8xi gheleVh skPi ey t raphod BAEL efrdudd- 233058 gebiuprdzu
Corporation) "at roomtenperature. This is atransmttance at "a
wavel engt h ael@geghated .-t ransnittance at 430 to 650 nm becones
m ni mal, and used an._l x of 1.0l ti o] ti LS _wval ue
becomss3 arger, t %ei %Fkﬂgﬁlgoﬁggg?%égkgéc%% f%%m\?e%:l%’g"bg’ﬁglbﬁe
t ranspar encycyedaernadijecaticar’Orarhe @fpsrYi ghdr R*2 | Tr RES| shudl RPat e
(A50/ Pi 0x100§ . The_deteriorati,on pronotion test of the obtained

preferably an aromatic hydrocarbon ring having 6 to 14 carbon
atoms as exemplified by benzene ring and naphthalene ring.

One or more hydrogen atoms on the aliphatic hydrocarbon ring
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may be substituted by the above alkyl group, haloalkyl group,
alkoxy group or halogen atom.

Preferred examples of R to R'® include hydrogen atom,
alkyl group, haloalkyl group, alkoxy group and halogen atom,
and R'® and R, or R'? and R' are bonded together to form a
carbonyl group together with a carbon atom bonded thereto.
Out of these substituents, R'%and R' are each preferably a
hydrogen atom, alkyl group or alkoxy group from the viewpoint
of double peak characteristic, as exemplified by hydrogen
atom, methyl group and methoxy group. -Out of these
substituents, R'? and R' are each preferably a hydrogen atom,
haloalkyl group or halogen atom from the viewpoint of double
peak characteristic, and R'® and R', or R'™ and R™ are
preferably bonded together to form a carbonyl group together
with a carbon atom bonded thereto, as exemplified by hydrogen
atom, trifluoromethyl group, fluorine atom and carbonyl
group.

As for “1” to “n”, (1l+m+n) is preferably 2 to 3 from
the viewpoints of fading speed and double peak characteristic.
(l+m+n) is particularly preferably 2 from the viewpoint of
fading speed and 3 from the viewpoint of double peak
characteristic.

Particularly preferred examples of the hetero ring
represented by the above formula (2} are given below. In
the following formulas, carbon atoms denoted by 7 and 8 are
7-position and 8-position carbon atoms in the above formula

(1), respectively.
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Since the chromene compound of the present invention
has an indenonaphthopyran skeleton as represented by the
above formula (1) or (5) and the above groups as the 6-position,

5 7-position and 8-position substitutes, it exhibit excellent
photochromic properties. Therefore, although substituents
at other positions are not particularly limited, the
following chromene compound having other substituents is
particularly preferred as the chromene compound having

10 excellent photochromic properties. A descriptidn is

subsequently given of this preferred chromene compound.

(preferred chromene compound)
Out of chromene compounds having a skeleton
15 represented by the above formula (1), a chromene compound

represented by the following formula (6) is preferred.
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In the above formula (6), R', the ring portion
represented by the following formula and X are as defined
in the above formula (1). Other groups will be described

5 hereinbelow.

8
7

X
(group R?}

In the chromene compound of the above formula (6), the

5-position substituent R® is a hydrogen atom, hydroxyl group,

10 alkyl group, haloalkyl group, alkenyl group, alkynyl group,
cycloalkyl group, alkoxy group, aralkyl group, aryloxy group,
aryl group, amino group, heterocyclic group having a nitrogen
atom which nitrogen atom is a ring-membered hetero atom and
bonds to the 5-positon carbon atom, ¢yano group, nitro group,

15 formyl group, hydroxycarbonyl group, alkylcarbonyl group,
alkoxycarbonyl group or halogen atom.

Preferred examples of the above alkyl group, haloalkyl
group, alkenyl group, alkynyl group, cycloalkyl group,
alkoxy group, aralkyl group, aryloxy group, aryl group, amino

20 group, hetercocyclic group having a nitrogen atom which
nitrogen atom is a ring-membered hetero atom and bonds to
the 5-positon carbon atom, alkylcarbonyl group,

alkoxycarbonyl group and halogen atom are the same as those



SE‘OL 69 t8 98 98 98 L8 98 Initial coloration (thernochromsn) OO0
SL 9 LL LL 8L 8L 8L LL 7L 98 178 88 83 8 8 Initial coloration
- (absorption end) (nmu) LEE tOQ Tit OIt 81t ZZt 6Tt 38E Fading half
period (09S) 3/T1 961 961 OT Ot 911 o4
enumerated for the group RZ.
In the present invention, the group R? is involved in
fading speed. To accelerate the fading speed, R® preferably
has a stereoscopically small substituent. To this end, the

5 group R® is particularly preferably a hydrogen atom.

(group R*)
In the chromene compound represented by the above
formula (6), the 9- to 12-position substituent R*? is a
10 hydroxyl group, alkyl group, haloalkyl group, alkenyl group,
alkynyl group, cycloalkyl group, alkoxy group, aralkyl group,
aryloxy group, aryl group, amino group, heterocyclic group
having a nitrogen atom as a member heterc atom and bonded
to a benzene ring bonded thereto via the nitrogen atom, cyano
15 group, nitro group, formyl group, hydroxycarbonyl group,
alkylcarbonyl group, alkoxycarbonyl group or halogen atom.
Preferred examples of the above alkyl group, haloalkyl
group, alkenyl group, alkynyl group, cycloalkyl group,
alkoxy group, aralkyl group, aryloxy group, aryl group, amino
20 group, heterocyclic group having a nitrogen atom as a member
hetero atom and bonded to a benzene ring bonded thereto via
the nitrogen atom, alkylcarbonyl group, alkoxycarbonyl group
and halogen atom are the same as those enumerated for the
group RZ.
25 “a” denotes the number of R/ s and an integer of 0 to
4. When “a” is 2 or more, R*'s may be the same or different.
In the present invention, the group R* is involved in
fading speed. When “a” is 0 (hydrogen atom), the group R*
is preferably an electron absorbing group. When the group
30 R*! is an electron absorbing group, it is preferably bonded
to the 11-position carbon atom so as to accelerate the fading
speed. The particularly preferred electron absorbing group
is a cyano group or haloalkyl group, more specifically, cyano

group or trifluoromethyl group.
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(groups R® and Rf)

In the chromene compound of the above formula (6), R°
and R® are each independently a hydroxyl group, alkyl group,
haloalkyl group, alkenyl group, alkynyl group, cycloalkyl
group, alkoxy group, aralkyl group, aryloxy group, aryl group,
amino group, heterocyclic group having a nitrogen atom as
a member hetero atom and bonded to a benzene ring bonded
thereto via the nitrogen atom, cyano group, nitro group,
formyl group, hydroxycarbonyl group, alkylcarbonyl group,
alkoxycarbonyl group or halcogen atom.

Preferred examples of the above alkyl group, haloalkyl
group, alkenyl group, alkynyl group, cycloalkyl group,
alkoxy group, aralkyl group, aryloxy group, aryl group, amino
group, heterocyclic group having a nitrogen atom as a member
hetero atom and bonded to a benzene ring bonded thereto via
the nitrogen atom, alkylcarbonyl group, alkoxycarbonyl group
and halogen atom are the same as those enumerated for the
group R2.

“b” and “c” denote the numbers of the substituents R*’'s
and R®’ s, respectively, and are each independently an integer
of 0 to 5. When “b” and “c” are each 2 or more, R*’s and R® s
may be the same or different.

In the present invention, the substituents R® and R
are involved in double peak characteristic and fading speed.
Although the numbers and positions of the substituents are
not particularly limited, they are preferably existent at
the p-position of a benzene ring bonded thereto in order to
enhance the double peak characteristic and obtain a high
fading speed. When “b” or “¢” is 0 (hydrogen atom), the
preferred substituents are each an alkyl group, alkoxy group,
amino group oxr heteroéyclic group having a nitrogen atom as
a member hetero atom and bonded to a benzene bonded thereto

via the nitrogen atom, as exemplified by hydrogen atom,
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15 group, alkoxy group, aralkyl group, aryloxy group, aryl group,
amino group, heterocyclic group having a nitrogen atom as
a member hetero atom and bonded to the 13-position carbon
atom via the nitrogen atom, cyano group, nitro group, formyl
group, hydroxycarbonyl group, alkylcarbonyl group,
20 alkoxycarbonyl group or halogen atom.

Preferred examples of the above alkyl group, haloalkyl
group, alkenyl group, alkynyl group, cycloalkyl group,
alkoxy group, aralkyl group, aryloxy group, aryl group, amino
group, heterocyclic group having a nitrogen atom as a member

25 hetero atom and bonded to the 13-position carbon atom via
the nitrogen atom, alkylcarbonyl group, alkoxycarbonyl group
and halogen atom are the same as those enumerated for the
group R®.

In the chromene compound represented by the above

30  formula (6), R’ and R® may be bonded together to form a carbonyl
group or aliphatic hydrocarbon ring together with the
13-position carbon atom.

The number of member carbon atoms of the aliphatic

hydrocarbon ring is preferably 4 to 20, more preferably 4
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to 15 from the viewpoints of color optical density and fading
speed. From the viewpoint of fading speed, the number of
member carbon atoms is particular preferably 4 to 12. This
aliphatic hydrocarbon ring may have at least one substituent
5 selected fromalkyl group, haloalkyl group, cycloalkyl group,
alkoxy group, amino group, aralkyl group, aryl group and
halogen atom. Preferred examples of the alkyl group,
haloalkyl group, cycloalkyl group, alkoxy group, amino group,
aralkyl group, aryl group and halogen atom as substituents
10 are the same as those enumerated for the group R®. oOut of
these, an alkyl group is preferred from the viewpoints of
color optical density and fading speed, as exemplified by
methyl group.
In the present invention, preferred substituents R’ and
15 R® are each selected from alkyl group, alkoxy group and
hydroxyl group, and R’ and R® are bonded together to form an
aliphatic hydrocarbon ring together with the 13-position
carbon atom. An example of the alkyl group is a methyl group,
and an example of the alkoxy group is a methoxy group. Out
20 of the above preferred substituents, R’ and R® are preferably
bonded together to form an aliphatic hydrocarbon ring
together with the 13-position carbon atom so as to reduce
color development by heat at room temperature under no
exposure to light (this color development will be referred
25 to as “initial coloration due to thermochromism”
hereinafter) and accelerate the fading speed while retaining
the double peak characteristic. The aliphatic hydrocarbon
ring is preferably a single ring having 4 to 20 member carbon
atoms, bicyclo ring or tricyclo ring. Specific examples of
30 the aliphatic hydrocarbon ring include single rings such as
cyclobutane ring, cyclopentane ring, cyclohexane ring,
cycloheptane ring, cyclooctane ring, c¢yclononane ring,
cyclodecane ring and 3,3,5,5-tetramethylcyclohexane ring,

bicyclo rings such as bicyclo([2,2,1llheptane ring,
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bicyclo[3,2,1]octane ring and bicyclo(3,3,1l]lnonane ring,
and tricyeclo rings such as adamantane ring.

Out of these, a single ring formed by bonding together
the groups R’ and R® exhibits a particularly excellent effect.
Specific examples of the single ring include cyclobutane ring,
cyclopentane ring, cyclohexane ring, cycloheptane ring,
cyclooctane ring, cyclononane ring, cyclodecane ring and
3,3,5,5-tetramethylcyclochexane ring.

Out of the above single rings, ¢yclooctane ring and
3,3,5,5-tetramethylcyclohexane ring are particularly
preferred.

In the chromene compound of the above formula (6), the
hetero ring including 7-position, 8-position and X is
preferably a 5- to 7-membered hetero ring represented by the
above formula (4). In this case, the chromene compound is

represented by the following formula (7).

In the above formula, R*, R?®, R*, R%, R®, R7, R%, “a”,
“"h” and “¢” are as defined in the above formula (6), and the
ring portion represented by the following formula and X, Y,

R'?, r', R'?, R'?, “1”, “m” and “n” are as defined in the above

formula (5).
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Since the groups in the above formula (7) are as defined
in the above formulas (5) and (6), preferred groups, the
number of the substituents and the positions of the
substituents are the same as those explained for the basic
skeleton represented by the above formula (5) and the
chromene compound represented by the above formula (6) as

a matter of course.

(preferred examples of chromene compound)
In the present invention, preferred examples of the

chromene compound are the following compounds.
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(identification of chromene compound)

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

(1) When the proton nuclear magnetic resonance spectrum
('H-NMR) of the chromene compound is measured, a peak based
on an aromatic proton appears at 6 of around 5.0 to 9.0 ppm
and peaks based on the protons of an alkyl group, an alkoxy
group and an alkylene group appear at 6 of around 0.5 to 4.5
ppm. By comparing these spectral intensities relatively,
the number of the protons of bonds can be known.

{2) The composition of a corresponding compound 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, a peak based on the carbon of
an alkyleneoxy group appears at 6 of around 80 to 140 ppm,

and peaks based on the carbons of an alkyl group and an alkoxy

group appear at 6 of around 10 to 80 ppm.

{production process of chromene compound)

The production process of the chromene compound of the
present invention is not particularly limited, and any
synthesis process may be employed. As a typical process
which is advantageously employed, a corresponding naphthol
compound and a corresponding propargyl alcohol compound are
reacted with each other. An example of the production
process of the chromene compound represented by the above
formula (6) will be described hereinbelow.

The chromene compound represented by the above formula

(6) can be advantageously produced by reacting a naphthol
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compound represented by the following formula (8) with a
propargyl alcohol represented by the following formula (9)

in the presence of an acid catalyst.

(wherein “a”, R*, R*, R*, R’7, R? and the ring portion including

X are as defined in the above formula (&6})

(9)

(wherein “b”, “¢”, R® and R® are as defined in the above formula
(6))

The naphthol compound represented by the above formula
(8) is provided as a novel compound by the present invention.
In the formula (8), “a”, R, R?, R*, R7, R? and the ring portion
including X (same asg in the above formula (2)) are as defined
in the above formula (6). Therefore, it should be understood
that the above explanation of the formula (6) is directly
applied to these groups and the portion.

In the present invention, preferred examples of the
naphthol compound represented by the above formula (8) are

the following compounds.
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Ordinary naphthol compounds can be synthesized in
accordance with a reaction méthod described in, for example,
5 Journal of Organic Chemistry 69(10)3282-3293; 2004,
Synthetic Communications 23(16)2241-2249 (1993) and
Wo01/60881.

(process of synthetizing naphthol compound)
10 Although the process of synthesizing the naphthol
compound represented by the above formula (8) is not

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

A benzene compound represented by the following
formula (10) may be purchased as a reagent or may be
synthesized based on the following documents.

R3

R1
(10 )

In the above formula, X, R! and R® are as defined in
the above formula (2}, the above formula (1) and the above
formula (6).

For example, a benzene compound represented by the

10 following formula (11} can be synthesized in accordance with
a reaction method described in Synthesis. (10). 839-840; 1986
and Journal of Heterocyclic Chemistry, 26(4). 957-964; 1989.

OCH;
(1)

0
o—/
For example, a benzene compound represented by the
15 following formula (12) can be synthesized in accordance with
a reaction method described in Synthesis. (15). 2249-2272;
2007, Chemical Communications. (32)}. 3747-3749; 2008 and
Helvetica Chemica Acta. 85. ({(2). 442-450; 2002.

OCHs
(12)

CH5
CHa

20 For example, a benzene compound represented by the
following formula (13) can be synthesized in accordance with

a reaction method degcribed in Tetrahedron Letters, 46 (12).
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2071-2074; 2005 and Organic Process Research & Development
5(6). 604-608; 2001.

OCHjg
(13)

N—CHs

After the obtained benzene compound is brominated, a
Grignard reagent is prepared and reacted with acid chloride
to obtain a benzophenone compound represented by the
following formula (14).

(R%a 0

| o (14)
o R’

R3

By carrying out the Stobbe reaction and cyclization
reaction of the bénzophenone compound, a naphthalene
compound represented by the following formula (15) is
obtained and hydrolyzed by using an alkali or acid to obtain

a carboxylic acid represented by the following formula (16).

(15)

(16)
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The carboxylic acid is converted into an amine by a
method such as Curtius rearrangement, Hofmann rearrangement
or Lossen rearrangement, and a diazonium salt is prepared
from the amine. This diazonium salt is converted into a

5 Dbromide by a Sandmeyer reaction or the like, and the obtained
bromide is reacted with magnesium or lithium to prepare an
organic metal reagent. R* and “a” in the above formulas (14)
to (16) are as defined in the above formula (6). This organic
metal reagent is reacted with a ketone represented by the

10 following formula (17) at -80 to 70°C in an organic solvent
for 10 minutes to 4 hours to obtain an alcohol material

represented by the following formula (18).
R! R®

Y 17

0
(R” and R® in the above formula (17) are as defined in the

15 above formula (6))

(18)

The naphthol compound of interest can be synthesized
by carrying out the Friedel-Crafts reaction of this alcohol
material at 10 to 120°C for 10 minutes to 2 hours under a

20 neutral to acid condition. In the above reaction, the
reaction ratio of the above organic metal reagent to the
ketone represented by the above formula (17) is selected from
among a wide range but generally selected from a range of
1:10 to 10:1 (molar ratio). The reaction temperature is

25 preferably -80 to 70°C, and an aprotic organic solvent such

as diethyl ether, tetrahydrofuran, benzene or toluene is used
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as the solvent. The naphthol compound represented by the
above formula (8) can be obtained by carrying out the
Friedel-Crafts reaction of the alcohol material in the
neutral to acid condition. The acid catalyst is preferably
selected from acetic acid, hydrochloric acid, 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 alcohol material. Forrthis reaction, a solvent such

as tetrahydrofuran, benzene or toluene is used.

(identification of naphthol compound)

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

{1) When the proton nuclear magnetic resonance spectrum
(*H-NMR) of the naphthol compound is measured, a peak based
on an aromatic proton appears at & of around 5.0 to 9.0 ppm
and peaks based on the protons of an alkyl group, an alkoxy
group and an alkylene group appear at 8 of around 0.5 to 4.5
ppm. By comparing these spectral intensities relatively,
the number of the protons of bonds can be known.

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

(3) When the “*C-nuclear magnetic resonance spectrum
(**C-NMR) of the naphthol compound is measured, a peak based
on the carbon of an arocmatic hydrocarbon group appears at
6 of around 110 to 160 ppm, a peak based on the carbon of
an alkyleneoxy group appears at 6 of around 80 to 140 ppm,

and peaks based on the carbons of an alkyl group and an alkoxy

group appear at § of around 10 to 80 ppm.

{synthesis of propargyl alcohol)
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The propargyl alcohol compound represented by the
above formula (9) is an already known compound. The
propargyl alcohol compound can be synthesized, for example,
by reacting a benzophenone compound corresponding to the
above formula (9) with a metal acetylene compound such as

lithium acetylide.

(specific production process of chromene compound)

The reaction ratio of the naphthol compound to the
propargyl alcochol compound is selected from among a range
of 1:10 to 10:1 (meolar ratio). As the acid catalyst is used
sulfuric acid, benzenesulfonic acid, p-toluenesulfonic acid
or acid alumina. The acid catalyst is used in an amount of
0.1 to 10 pars 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 to200°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 through the above reaction is not
particularly limited. For example, the obtained product may
be purified by carrying out silica gel column purification

and further recrystallization.

(characteristic properties of chromene compound)

Since the chromene compound of the present invention
has high double peak characteristic, when it is mixed with
another photochromic compound to prepare a photochromic
composition which develops a brown or grey color, the amount
of the photochromic compound which develops a yellow color
and has low durability can be reduced, and a color change
at the time of fading and a color change at the time of
deterioration hardly occur. Further, since the chromene

compound has little initial coloration, an optical article
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containing the chromene compound of the present invention,
for example, a photochromic lens containing the chromene
compound of the present invention has high transparency under
no exposure to light.

The photochromic compound to be mixed with the chromene
compound of the present invention so as to adjust the color
is a known compound. Examples of this photochromic compound
include chromene compounds described in WO01/060811 and JP-A

20092-67680.

(use purpose of chromene compound)

The chromene compound of the present invention
exhibits excellent photochromic properties as described
above. A polymer material dispersion of the chromene
compound of the present invention is most practical, and a
photochromic optical article having a polymer molded product
containing the chromene compound of the present invention
dispersed therein as a constituent member exhibits excellent
photochromic properties. Therefore, the chromene compound
of the present invention can be used especially in
photochromic lenses (optical articles).

When the chromene compound of the present invention
is used in a photochromic lens, a lens is obtained by a method
known per se, capable of obtaining uniform light
controllability. For example, a method in which a
thermoplastic resin and the chromene compound of the present
invention are mixed together in a molten state to form a lens
is employed. Further, a method in which a polymer film
containing the chromene compound of the present invention
dispersed uniformly therein is formed on the surface of a
lens, or amethod in which the chromene compound of the present
invention isg dissolved, for example, in silicone oil and
impregnated into the surface of a lens at 150 to 200°C for

10 to 60 minutes is also employed. When the chromene compound
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is dispersed into the surface portion of the lens as described
above, the surface of the lens may be further coated with
a curable substance as required to obtain a photochromic
lens.

Moreover, a method in which a photochromic curable
composition containing the chromene compound of the present
invention and a polymerizable monomer is polymerized by a
predetermined method to obtain a lens may be employed. In
the method using this photochromic curable composition, a
photochromic lens can be formed directly by polymerizing the
curable composition by a known method. Further, the
photochromic curable composition may be applied to a plastic
lens (optical substrate) and polymerized and cured to form
a polymer film containing the chromene compound of the
present invention dispersed therein on the optical substrate,
thereby obtaining a photochromic lens (optical article)
(this method may be referred to as “coating method”). When
the polymer film containing the chromene compound of the
present invention dispersed therein is formed on the optical
substrate, the surface of the polymer film may be further
coated with a curable substance.

In the above photochromic curable composition, the
polymerizable monomer in use is not particularly limited,
known polymerizable monomers may be used, and a combination
of known polymerizable monomers may be selected according

to the desired performance of an optical article.

Examples

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

way to be taken as limiting.

Example 1
1.00 g {(2.33 mmol) of a naphthol compound represented
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by the following formula (19) and 0.92 g (3.43 mmol) of a
propargyl alcohol compound represented by the following

formula (20) were dissolved in 50 ml of toluene, 0.022 g of
p-toluenesulfonic acid was further added, and the obtained

5 mixture was refluxed for 1 hour.

H.C CH;,

CH,
li OH

OCH,4 (19)

o]

H

J

HO
ST

H,CO OCH3

10 After the reaction, the solvent was removed, the obtained
product was purified by column chromatography, and
crystallization was carried out with methanol (5 ml) to
obtain 1.10 g of a white powder {(yield rate of 70 %}. The

elemental analysis values of this product were 81.31 % of

X

15 C, 6.89 % of H and 0.00 % of N which were almost equal to
the calculated values of CueH460s (C: 81.39 %, H: 6.83 %, N:
0.00 %).

When the proton nuclear magnetic resonance spectrum
of the product was measured, it showed 21H peaks based on

20 an alkyl group and an alkoxy group at & of around 0.5 to 4.5
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ppm, and a 15H peak based on an aromatic proton at 8 of around
5.0 to 9.0 ppm.

Further, when the “C-nuclear magnetic resonance
spectrum was measured, it showed a peak based on the carbon
of an aromatic ring at 6 of around 110 to 160 ppm, a peak
based on the carbon of an alkyleneoxy group at & of around
80 to 140 ppm and peaks based on the carbons of an alkyl group
and an alkoxy group at & of around 20 to 80 ppm.

It was confirmed from the above results that the

isolated product was a compound represented by the following

formula (21).

(21)

Examples 2 to 5

Chromene compounds shown in Table 1 were synthesized
in the same manner as in Example 1. When the structures of
the obtained products were analyzed by using the same
structure checking means as in Example 1, it was confirmed
that they were compounds represented by structural formulas
shown in Table 1. The elemental analysis values of these
compounds and the calculated values and characteristic 'H-NMR
spectra obtained from the structural formulas of the
compounds are shown in Table 2. The compound Nos. 2 to 5
in Table 2 are chromene compounds obtained in Examples 2 to

5, respectively.
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Table 1
Raw materials
Ex. Propargyl Yield
No. Naphthol alcohol Product rate (%)
compound compound
OCHj;
O
2 HO 65
OCH,
OCH;4
e
3 HO 67
OCH;
CHs;
4 H—== 72
e,
OCH; OCH;
OCH3
5 H—= 73
HO;;;>




HO:4/ 00E13 36 H3c OE13 .01-13 OE13 110 0 OH OCH3 OOE13 H3c .3
.c13.,3 72 i fikis HO, OCH3 0. OCH3 0 GCCH ISI OCH3 37 H3C
CH3 .CH3 cH3 H3C CH3 Cai3 66 JO Nn,_,0
43
Table 2
o 3 Elemental analysis values Ly NMR
ompoun . -
No. Experimental value | Calculated value (NMR)
C H N C H N
55.0-8.0 15H
2 80.28 | 5.89 |0.00| 80.39 |5.88| 0.00 50.5-4.5 191
35.0-9.0 15H
3 81.48 | 7.16 |2.22}| 81.59 |(7.14| 2.02 50.5-4.5 24H
65.0~-9.0 15H
4 83.19 | 7.09 |0.00| 83.35 |6.99| 0.00 §0.5-4.5 250
65.0-9.0 14H
5 75.29 | 5.75 |0.00| 75.29 |5.75]| 0.00 50.5-4.5 270
Example 6

10

15

20

25

(evaluation of physical properties of photochromic plastic
lens produced by coating method)

The chromene compound obtained in the above example
was mixed with a photopolymerization initiator and a
polymerizable monomer, the resulting mixture was applied to
the surface of a lens substrate, and ultraviolet light was
applied to polymerize the coating £ilm on the surface of the
lens substrate.

A photochromic curable composition prepared by mixing
together 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 was used
as radical polymerizable monomers. 1 part by mass of the
chromene compound obtained in Example 1 was added to and fully
mixed with 20 parts by mass of this mixture of the radical
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-pentyl
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phosphine oxide (weight ratio of 3:1) as a
photopolymerization initiator, 5 parts by mass of
bis(1,2,2,6,6-pentamethyl~-4-piperidyl) sebacate and 3 parts
by mass of

ethylenebis (oxyethylene)bis[3- (5-tert-butyl-4-hydroxy-m-
tolyl)propionate] as a stabilizer, 7 parts by mass of
v-methacryloyloxypropyl trimethoxysilane ag a silane
coupling agent and 3 parts by mass of N-methyldimethanolamine
were added to and fully mixed with the above mixture to obtain
a photochromic curable composition.

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

The following photochromic properties of the obtained
photochromic plastic lens were evaluated.

[1] Maximum absorption wavelength (Amax) : This is the maximum
absorption wavelength after color development cbtained by
means of the spectrophotometer (MCPD3000 instantaneous
multi-channel photodetector) of Otsuka Electronics Co.,
Ltd.}) and used as an index of color at the time of color
development.

[2] Color optical density (Ap) : This is the difference between
absorbance {€(120) after 120 seconds of exposure and £{(0) at
the above maximum absorption wavelength and used as an index
of color optical density. As this value becomes larger, the

photochromic properties become better.



lA* Cl 143 0 OHOCH3 (-0 Ha HO OCH3 N-) H3CCH3 O CCEI-1? 1 63
lik N_pir OCH. OCH3 3 9 H3CCH3 F3Ca CH C sr H33 41, OH OCH3
OCH3 41 H HO* OCH3 F31-13C CHdEI sill ¢3 0 OCH3 40 * OCH3 OCH3 65 40
H3C CH3 NCCH3 . AIICH3 OHlir 0 CH3 OCH3 a H = HO  OCH3 H3C CH3
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[3] Double peak characteristic (Ay/Az}: This is the ratio of

color optical density (Ay: value of Anyx) at a yellow range
(430 to 530 nm) and color optical density (Ag: value of Anax)
at a blue range (550 to 650 nm) and used as an index of double
peak characteristic.

[4] Fading half period [11/2(sec.)]: time required for the
reduction of the absorbance at the above maximum absorption
wavelength of a sample to 1/2 of {€(120)-£(0) } when exposure
is stopped after 120 seconds of exposure and used as an index
of fading speed. As this time becomes shorter, the fading
speed becomes higher.

[5] Absorption end {A¢}: After the photochromic plastic lens
obtained under the above conditions is used as a sample and
kept in the dark for one day, the transmittance (T%)} at 300
to 800 nmof the sample is measuredwithanultraviolet visible
spectrophotometer (UV-2550 of Shimadzu Corporation) at room
temperature. A tangent line is drawn on the obtained
transmittance curve to ensure that the transmittance (T%)
of the transmittance curve passes a point of 50 % so as to
obtain a wavelength at which the transmittance (T%) of the
tangent line becomes 0 as the absorption end (absorption end
of the spectrum) and used as an index of initial coloration.
For example, in an optical article such as a spectacle lens,
as this value becomes smaller, the initial coloration becomes
weaker and the transparency under no irradiation becomes
higher.

[6] Thermochromism {T,}: The photochromic plastic lens
obtained under the above conditions is used as a sample and
its transmittance (T%) at 300 to 800 nm is measured with an
ultraviolet visible spectrophotometer (UV-2550 of Shimadzu
Corporation) at room temperature. This is a transmittance
at a wavelength at which the transmittance at 430 to 650 nm
becomes minimal and used as an index of initial coloration.

As this value becomes larger, the initial coloration becomes
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weaker and the transparency under nc irradiation becomes
higher.

[7] Residual rate (Aso/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
color optical density is evaluated before and after the test,
the color optical density (&g} before the test and the color
optical density (As,) after the test are measured, and the
ratio (RAso/2,) of these values is taken as residual rate and
used as an index of color development durability. As the
residual rate becomes higher, the color development

durability becomes higher.

Examples 7 to 10

Photochromic plastic lenses were manufactured and
their characteristic properties were evaluated in the same
manner as in Example 6 except that the compounds obtained
in Examples 2 to 5 were used as the chromene compound. The
results are shown in Table 3. In Table 3, the compound Nos.
1 to 5 are chromene compounds obtained in Examples 1 to 5,

respectively.
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Comparative Examples 1 to 8

Foxr comparison, the operation of Example 6 was repeated
by using the compound of the following formula (A)
(Comparative Example 1), the compound of the following
formula (B) (Comparative Example 2}, the compound of the
following formula (C) (Comparative Example 3), the compound
of the following formula (D) (Comparative Example 4), the
compound of the following formula (E) (Comparative Example
5), the compound of the following formula (F) (Comparative
Example 6), the compound of the following formula (G)
{(Comparative Example 7) and the compound of the following
formula (H) (Comparative Example 8). The chromene compounds

used in these comparative examples are given below.
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Photochromic plastic lenses were obtained by using the
above chromene compounds and their photochromic properties
were evaluated in the same manner as in Example 6. The

10 results are shown in Table 4.
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In Comparative Example 1, although color optical
density and double peak characteristic are satisfactory,
initial coloration due to thermochromism is large and the
fading speed is low. In Comparative Examples 2, 3, 4, 5,
7 and 8, since the double peak characteristic is low, color
control is not satisfactory when a photochromic plastic lens
having a color of a neutral tint is to be manufactured. In
Comparative Example 6, although color optical density and
double peak characteristic are satisfactory, initial
coloration is large as the absorption end goes beyond 420
nm into a visible range.

In contrast to this, in Examples in which the chromene
compound of the present invention is used, as compared with
Comparative Example 1, initial coloration due to
thermochromism is little and the fading speed is high. As
compared with Comparative Examples 2, 3, 4, 5, 7 and 8, double
peak characteristic is high. Since the absorption end is
at a short wavelength as compared with Comparative Example
6, initial coloration i1s little. Further, the chromene
compounds of the present invention are all satisfactory in

terms of durability.

Examples 11 to 51

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
compounds represented by the structural formulas shown in
Table 5. Table 6 shows the elemental analysis values and
H spectral values of the chromene compounds obtained in
Examples. In Table 6, the compound Nos. 11 to 51 are chromene

compounds obtained in Examples 11 to 51, respectively.
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Table 5
o Raw materials , vield
- ' Naphthol Propargy Product rate
o. alcohol .
compound compound (%)
OCHj
11 64
12 65
13 59
14 62




r- cH3 is CH3 0 .110/1l1k ocH3 70 OIP OCH3 1.1 ocH3
0O0H3 64 CHNN) ?IW -H 65.0-9.0 15H 60.5-4.5 361ff

5
I

65.6-9.0 15H 60.5-4.5 38H 65.0-9.0 16H 60.5-4.5 281! 65.0-9.0 1511
60.5-4.5 3411 65.0-9.0 1511 60.5-4.5 3014, HTE 5-17-5*02 HST 06-052
65.0-9.0 2011 60.5-4.5 28H 65.0-9.0 2011 60.5-4.5 2811 65.0-9.0 1511
60. 5-4.5 3311 El enental anal ysi sapaklecontinued)
- Raw materji)als - vield
No. Naphthol ropargy Product rate
0. alcohol N
compound compound (%)
OCH,4
15 62
16 75
17 77
18 72




Calcul ated values z 161 36 00 0 30 Z Tr Z 000 00O O 00 O 00 O
x 00" LCE LL99 17T LES8'™ 9669 L99 ES 9 86 9 C) Gr o8
. 170 Z8 CE' T8 6518 317'18 SE ES OS5 1'S L9'7Z8 1' Experinental val ues
58 1 36 T 000 1761 TT Z 00 O 00 O 00550 000 x SO L

Table 5 (continued)

Raw materials vield
Ex.
X Naphthol Propargyl Product rate
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compound compound (%)
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3111 55.0-9.0 1511 60. 5-4.

55.0-9.0 1511
1511 50.5-4.5
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T8 Compound No. I T ZT ET
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3711 55.0-9.0
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Table 5{continued)

Raw materials Yield
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compound compound (%)
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0S: 1S 69 Exanples 52 to 92 Phot ochrom c plastic | enses were
manuf actured and their characteristic properties were evaluated in
the same manner as in Exanple 6 except that the conpounds obtained in
Exanples 11 to 51 were used as chroneneggonpounds. The results are
Shown in Table 7. In Table 7, conpound Nos. 11 to 51 are chronene
conmpounds obtained in Exanples 11 to 51, respectively. 70 Residual
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Examples 52 to 92

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

5 in Examples 11 to 51 were used as chromene compounds. The
results are shown in Table 7. In Table 7, compound Nosg. 11

to 51 are chromene compounds obtained in Examples 11 to 51,

respectively.



855

density Ov EE *0 8L "OtE 0 85 0 tE' O
95 09t 99 9tt 969 991’
70

090 EEO TS*O0 tE*O Lt'0 TE*O Z9'0 tE' 0O SS*O0 tE*O0 050 tE*O E9'0 St'O0

981 517T Col or opti cal

Lt:
. S9'0 ErO 8t'0 reny (mu) E55 8Lt t95 651

Lti7 95 9tt 95 9tt ass 9tt t8S

MN : w G| e | g5 [m] = |
: : o | m | s [ 20 R w | e
: : | | e | gs E e | e
: : wo [ e | B e | e
: : ow | | e | [ w |
: : o | o | ww | wl TE e [ e
. : v | | we | @b [m ] s [
3 5 o [mp | we | G [ e | s
MM : ow [ @ | mr | we (B a | w
i g v | | st | ms || e | e
WM : v | e | wr | mr T w [ e
X (% 95¢) (%) (wu) gl T/ oy (wu)
[SlaN =) ﬁEm._”EO.HﬂUOEHmﬂUv TuoT U%unﬂwwmg.mv .DO._”.HmnH QTIAsTAI=dDeIRUD \ﬂuﬂmﬂmﬁ .Uﬂd..OOQZEOU m.mmmmxm
TenpIssy HoT3eIoTOoD UOTIRIOTOD J1ed M@m& aTqnog Testado HEUN
TeTaTuI TeTaTur Butpes IOTOD

L STJeL




0

f at

72 rate (A50/A0) X100 L8 L8

Conmpound No. 33 EZ TvZ SZ 93 3 83 63 CE TE ZE Wf---i

rd Z SC 14 E9 t9 99 99 9 89 69 OZ. TL
98 98 98 98 98 98 98 98 58 58 E8 8 8

ESt

-

71

: : o [ m | wr | oo [E] w [«
: Mm o | o | mr | wh [m ] e |«
. : wo | m | e | mh [ =] e | w
: : o | 5 | wen | ws (=]« | =
: MM o | | e | we B w | e
: : o | | we | mo [ El w [ e
: WN v [ 5 | e | 0 [E x| s
88 )
: : o | @ | w1 | mo [l e |
: : o | se | wr | wl [ m e | s
: " o | m | wn | ee e [
- : v [ | e | oo [E e | o
X (9% 9557) (%) () Chd) %/ 5y oy (wu)
a3ex AEmWMMMMMN%MMQUV QOﬂumwwwnmv ﬁmwwmm DTISTISIDEIRYD Mwwmmmw xeuy ﬁﬂmwmwoo mﬁmmwxm
Tenprsay HWﬂuﬂﬂH Qﬁ%%%%%%%o Butped yead sTgnog HOwOU
(penuTjuod) L STqeq




-r-1 rd af

(absorption

88 L8 88 L8 L8 98 98
017 er)

72

Eat 17017 8017 017 8117 01

col oration (thernochrom sn) a;

58 58 98 8 Z8 88 L8 88 L8 98 178 S8 178 LusulLausyn

4-10 H -r1 ni FA

8 98 98 98 98
end) (mu) 017 017 501'

PA ti

98

g g or s | =t | mo e = | e
. g IR HERE
g F R HERE
. MM AR
. g o0 [0 | o | ablEE e | w
. : o [ a | wt | e |am| ew |
g g o | et | [an | s |«
$ : R HERE
$ i o e | os=v | Ee el |
: i o @ | =1 | e |m = | w

00TX (O /05Y) (%) (wu) MWﬂw B/ A 4 ()

U2 - )
93ex AEmMMMMMMMMwwsuV ﬂoﬁumwomgmv vwmwmmﬁoﬂumﬁumuUMHmso _mwwmnww ﬁﬂﬁ%%ﬁou mﬁﬂmmxm
Tenpisey HwﬁuﬂﬂH QJWMMMMMWU mmﬂUMm Yead sTqnog ﬁuowwo Xeuy
(peniuTiuCD) L STdRL




density Ov EE 'O TS '0

T 175'T 17S T optical

EEEO0O TS "0 Lt'0 E9'0 Lt'0 OL*0 8170 81783

(09S) z/T1 69 69 OL OL zOr zor SOr sor EL L 09 09 2zt

Zt E EE TVT OVT 9ZT 9ZT characteristic Ay /AB 59-T SS T7E-T 617T

.0a) fal
00'T 860 1,5.1 ZS

98

89 9LT . €970 899
98 LS S0v 9LT SeT ¥8°0 85¥% s cé
¥e 69 9%T ] 9% 0 L6S
¥8 89 Ity 9%1 6t 1 ¥9°0 LO% 05 1é
08 Z8 S . £EE"0 899
08 T8 0¥ SL ss°T TS 0 o ¥ v o6
S8 28 29 0gE"0 895
0% LL- 68
S8 S8 a 99 E €S0 €S ¥ 8v
08 8L SL €EE"D LOG
: 4
08 LL E0¥ SL 55T TS0 9% ¥ £ 88
8L 8L gL ECT0 L99
0% S§° L8
LL LL ¢ €L st 1S°0 | 9%¥ v
98 78 TST L% 0 999
' SP¥
98 £B oy TST va'l TL™O 9v¥ o8
¥8 88 5% . ANY L39S
¥8 L8 0y 79 0571 8%°0 LY¥ vy S8
¥8 88 €9 . 6270 99%
¥8 L8 eov co ss°T S%°0 S¥¥ ey ve
PEE
00TX (%/95%) (%) (e oy o7/ oy | (um
us ‘0 e
(ws TWOoIUDOWISYY) (P potIad A3Tsusp N N
2lex uoTidiosqge) . DTISTIIIDRIRYD _ punodwo) [oTdwexH
UOT3IRIOCTOD ITeu . TeoTado | xewy :
Tenprsey eTATUT UOT3BIOTOD Butoe yead a1qnog Ho_o
. TEEA TeTaTuI FPRd 1o
(penutIuocs) 4 STUERL




Et-'0 Z2t'0 82*0 |70 EZO5E 09170 TL 'O TrO9'0 N ai e ec (nu)
895 8tt 895 817t 895 891' 855 0517 985 ZLt 685 5Lt 695 8tt TLS 6tt

. 995 ott

10

15

20

25

rd 00. 0004z 50¢C ) VESEO9ELEBEGEO017 It Zt

74

Examples of the naphthol compounds are given below.

Example 93

32 g (193.8 mmol) of a benzene derivative represented
by the following formula (22) and 16 g of Wakogel C-300 (of
Wako Pure Chemical Industries, Ltd.} were dissolved in 2,300
ml of dichloromethane, the resulting solution was cooled to
-15°C, and 34 g (189.9 mmol) of N-bromosuccinimide was added
and stirred for 12 hours. After the reaction, the reaction
product was washed in water, the solvent was removed, and
the obtained product was purified by column chromatography
to obtain a bromo material represented by the following
formula (23) as 44.8 g (184.1 mmol, yield rate of 95 %) of

orange oil.

(22)

OH
H5C O
CHj

Br
(23)

OH
H,C ©
CHs

The bromo material of the above formula (23) was
dissolved in 900 ml of N,N-dimethylformamide and cooled with
ice, and 8.1 g (202.5 mmol) of sodium hydroxide (60 % in oil)
was added and stirred for 1 hour. After agitation, 28.7 g
(202.5 mmol) of methyl iodide was added and stirred at room
temperature for 5 hours. After the reaction, the reaction

product was washed in water, the solvent was removed, and
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the obtained product was purified by column chromatography

to obtain an anisole material represented by the following

formula (24) as 45.4 g (176.7 mmol, yield of 96 %) of orange

oil.
Br:
(24)
OCHs
H3C O
CHs

5.2 g (214.0 mmeol) of magnesium was added to 230 ml
of tetrahydrofuran and heated to 55°C. A tetrahydrofuran
(230 ml) solution of the anisole material of the above formula
(24) was added dropwise to the above solution to prepare a
Grignard reagent. The obtained Grignard reagent was coocled
to -78°C, and a tetrahydrofuran (230 ml) solution of 29.8
g {214.0 mmol) of benzoyl chloride was added dropwise to the
reagent. After addition, the resulting solution was heated
to room temperature and stirred for 3 hours. After the
reaction, the reaction product was washed in water, the
solvent was removed, and the obtained product was purified
by recrystallization with methanol to obtain a benzophenone
derivative represented by the following formula (25) as 39.9

g (141.4 mmol; yield rate of 80 %) of a yellow solid.

O

(25)

OCH3;
@)
CHs

H3C

The benzophenone derivative of the above formula (25},
and 28.3 g (162.6 mmol) of diethyl succinate were dissolved

in 250 ml of tetrahydrofuran and heated to 55°C. A
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tetrahydrofuran solution (250 ml) of 18.2 g (162.6 mmol) of
potassium-t-butoxide was added dropwise to this solution and
stirred for 1 hour. After the reaction, the reaction product
was washed with concentrated hydrochlorie acid and then with
water, the solvent was removed, and the obtained product was
purified by column chromatography to obtain a stobbe material
represented by the following formula (26) as 58.0 g (141.4

mmol; yield rate of 100 %) of orange oil.

(26)

The above stobbe material of the above formula (26),
11.6 g (141.4 mmol) of sodium acetate and 72.2 g (707.0 mmol)
of acetic anhydride were dissolved in 180 ml of toluene and
refluxed for 3 hours. After the reaction, the reaction
product was washed in water, the solvent was removed, and
the reaction product was purified by recrystallization with
methancl to obtain an acetyl material represented by the
following formula (27) as 21.5 g (49.5 mmol, yield rate of

35 %) of an orange solid.

(27)

The acetyl wmaterial of the above formula (27) was
dispersed into 80 ml of methanol. 300 ml of an agueous
solution of 35.6 g (821.0 mmol) of sodium hydroxide was added
to this solution and refluxed for 3 hours. After the reaction,

the reaction product was washed with concentrated
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hydrochloric acid and then with water, the solvent was
removed, and the obtained product was purified by reslurrying
with toluene to obtain a hydroxycarboxylic acid derivative
represented by the following formula (28) as 16.2 g (44.6
mmol, yield rate of 90 %) of a yellow solid.

HOOC OH

(28)

CHj
The hydroxycarboxylic acid derivative of the above

formula (28) and 12.4 g (98.1 mmol} of benzyl chloride were
dissolved in 160 ml of N,N-dimethylformamide. 15.4 g (111.5
mmol) of potassium carbonate was added to this solution,

heated to 60°C and stirred for 3 hours. After the reaction,
the reaction product was washed in water, and the solvent
was removed to obtain a dibenzyl material represented by the
following formula (29) as 23.8 g (43.7 mmol, yield rate of
98 %) of yellow oil.

BnOOC OBn

(29)

OCHj;
0]
CH5

HaC

The dibenzyl material of the above formula (29) was
dispersed into 150 ml of isopropyl alcohol. 120 ml of an
agueous solution of 26.2 g (655.5 mmol) of sodium hydroxide
was added to this solution and refluxed for 3 hours. After
the reaction, the reaction product was washed with
concentrated hydrochloric acid and then with water, the

solvent was removed, and the obtained product was purified
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r epr esent ed b e fol | ow gornula (23) as 44.8 g (184.1 mmol ,
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of the above fornul¢ was di ssolved in 900 m of

N, N- di net hyl f s and 8.1 g (202.5 mmol ) of
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) 02.5 nmol ) of nethyl |od|dé més added and

After agitat

stirred at --np'rffu echgr 5 hours. After the reaction, the
reaction J
HsC
CH;
5 The benzyloxycarboxylic acid derivative of the above

formula (30) was dispersed into 350 ml of toluene. 11.5
(114.0 mmol) of triethylamine and 13.6 g (49.4 mmol) of
diphenylphosphorylazide were added to this solution and
stirred at room temperature for 2 hours. 8.8 g (120.0 mmol)

10 of ethanol was added to this solution to carxry out a reaction
at 70°C for 2 hours. Thereafter, 100 ml of ethanol was added
to this solution, and then 21.3 g (380.0 mmol) of potassium
hydroxide was added and refluxed for 5 hours. After the
reaction, ethanol was distilled off at normal pressure,

15 tetrahydrofuran was added, the solution was washed in water,
and the solvent was removed to obtain an amino material
represented by the following formula (31) as 16.2 g (38.0
mmol, yield rate of 100 %) of a yellow solid.

H2N ' OBn
(T o
OCH;

H4C 0
CHj
20 The amino material of the above formula (31) was

dispersed into 500 ml of acetonitrile, and 120g (190.0 mmol)
of a 6 ¥ hydrochloric acid aqueous sclution was added to the

dispersion and cooled to 0 to 5°C. 23.6 g (114.0 mmol) of



75-the obtai ned product was purified by columm chronmat ography to
obtain an anisole material represented by the follow ng fornmula (24)
as 45.4 g (176.7 mmol, yield of 96 es) of orange oil. Br (24) H3C
OCH3 CH3 5.2 g (214.0 mmol ) of magnesium was added to 230 m
of tetrahydrofuran and heated to 55C. A tetrahydrofuran (230 m)

sol ution of 4 heyaqi §<9&§uﬁaf1?.£k§{:eOéqﬁééuébgéffuf:j%ﬂu{vés( aéhe&'aéoaQHQQ
dropwi se to the above solution to prepare a 10 Grignard reagent.

obt ai ned G iMoo azredt swagredof@n 30 m¥gcteand &6 tktg a2 o unmxl)
(230 m) solutio 21 f |._chl .
et opui Sk 2080 X pBtad dlubtiaPalBilefls RBHEMM oIS TAdRA'ED chis
was heat ed t@h@@i‘ﬁ:ﬁ@imsahhtﬁfedamﬂI&Idnfteﬂpéﬁatﬁrbaﬂcls:s5 Abties . t hrer tlér
reaction, the reacti on(ﬁtgroduct was washed in water, the solvent was

removed, Sand-the& St ot ARd rhdeRe YRd ST é‘&l%yr%%‘?%/%‘% HIIRfE grps
Wi th net ha”Q&aéIﬁéc‘Pt&t@'v&@elberﬁ—ﬂa‘)%%Q%%td%ébvﬁéh&%eaepéﬁé%&%@%]@&’aiﬁl@d
followng formula (25) as 3999 1.4 mol; yield rate of 80 |c)

a yel | ow solpxhdget wvasogng (f25yd by colummhehbembpgéﬂphy 'dercplviaawem

of the abov of .

succi nat e m&‘geCQd{%s“??é/%%Q %%Iz%gm?ecﬁ ]1?%? %n:% urcc'atwnl a{-!ﬁdJEt d (t302
55C. A 76 teaf pahydyoforan rm@cbut ivaire (2 7@ tied b;fm"z 8. Z)fga(}'kéﬂl@wrﬁmlj)d.
of potassiumt-butoxi de was added dropwi se to this solution and
stirred for 1 hour. Affler the re@gsion, the reaction product was
washed wi th concentrated chI oric acid and then wwth 5 water, the
sol vent was renoved, and gbt ai ned product was purified by colum
chr omat ogr aphy to &b T a 8¢ material represented by t he

followi ng formul a

54 (141.4 mol ; yield rate (@) 100 9s)
of orange oil. OCH3 A3 10The above stobbe material of
t he above formula (26) , $1.6/g (19 4 mmol ) of sodium acetate and
72.2 g (707.0 mmol ) of ace 'anhydrl de were dissolved in 180 m of
t ol uene and refluxed fB€3 Yours. After the reaction, the reaction
productli®as washed in water CHshe sol vent was renoved, and 15 the
reaction product was purified by recrystallization vmth nmet hanol to

obtain an acetyl MHitedicgline madsanitedd afy thfe fasrveoviiargniler nﬁ,ﬁ?d Grs]
as 21.5 g (49. g

5 o b coocoo iy TG M RS OZi‘%t‘?‘f e dgHe ShdBoBIBAIELSY k. | 20,6
(27) was di sﬂer(sedfaim@lB(bﬁm bﬁty&tham)iuma(loawl hekaar sglenitsn) was
solution of 35.6 ;891. 0 % d| um %r oxi, de ? added to this
col uti on and e PuRBLes: t8 HalF SO Rt 2 s Sl of 4 T ned,
productygas 1washed Wt i GonGemd aécephtﬂc?n fwfﬂrsncdﬂlg)r {54 agighsnd dhen

with water, the solvent was renoved, and the obtal ned product was

purified by3r8sku WWWQWKUMQ@W%WﬁS@W PPHALBEXyP ithis
e e S e S Er e il g Lo e LRy facliich,
toluene was added, the reaction product was washed in water,
the solvent was removed, and the obtained product was
20 purified by reslurrying with methanol to obtain a ketone
adduct represented by the following formula (33) as 10.1 g
{(17.8 mmol, yield rate of 65 %) of a yellow solid.



(28) OCH3 H3C CH3 The hydroxycarboxylic acid derivative of the
above formula (28) and 12.4 g (98.1 mmol) of benzyl chloride were
dissolved in 160 mM of N, N-dinethylformamde. 15.4 g (111.5 10 mmol)
of potassium carbonate was added to thisggolution, heated to 60C and
stirred for 3 hours. After the reaction, the reaction product was
washed in water, and thecspl vent was renoved to obtain a dibenzyl

mat eri al represent edHp§- tlhe following formula (29) as 23.8 g (43.7
mmol, yield rate of 15 _98~961 of yellow oil. The di benzyl
material of the a [
i sopropyl al cohol . an_aquegygnpsol ution of 26.2 g (655.5
nmol ) of sodi um hyHkOoXi was agded to this solution and ref | uxed
for 3 hours. After the react|c e reaction product was washed with
concentrat ed hydrochl oritxg ane en with water, the solvent was
renoved, and the obt ai oduct purified 78 by res{ifFyying
wth toluene to obtai nlg Y Ca hoxylic acid derivative
represented by the followWing fgrmulya (30CHas 17.3 g (38.0 mml, yield
rate of 87 % of a yellow solid, 5The benzyl oxycar boxylic acid
derivative of the above foHgDt é%) was di spersed into 350 m of
toluene. 11.5 (114.0 mmol ) of trCekhyl am ne and 13.6 g (49.4 mol ) of
di phenyl phosphoryl azi de were added to this solution and stirred at
roomtenperature for 2 hours. 8.8 g (190.0 mml) 10 of ethanol was

added to this sol gHeOkdi@fAld¢RME B 6d I P Fdamid Bowss
Thereafter, 100 m of ethanol was added to this solution, and then

21.3 g (380 G- sfadivedinpdpasel il wwr@hmkqmaaude@daﬁd&é?lmxr@wl)
for 5 hoygrs r&ast I odi_ S+l f t: or

pressure, 1?%6\& qnrhgﬁ%furana{t\c/\g];as rﬁ%?g&) thr,t\BSSs" lllc#r(lﬁ\?\l/a“g c‘fvti'/la loge iané%Je
wat er, and tala’eiesblarehtstmercbrmed:drmm praanranton seteital After

represented the fallow.n fornula (3 6. 2 38.0 nmo ield
rate of 100’:‘%\/e Y& oW M@Bf O@—l:?rﬂﬁ;ﬁ?é?/was

anmi no mat er kalsHfg tlttewaae&@ Eﬁé@b@véﬁ%)w&@sr&hé@@cﬂs%d e o in <Rl
acetonitrile, and 120g (190.0 mml) of a 6 % hydrochloric acid

aqueous sol BEOSWOka¥agdguyifdedhbydrepiusryingndl eodieene Fa ebsein

23.6 ¢ 14.0 %ygﬁ ry q

was addie% to ct-jl 'S % %F?égnagcn%?ls%ﬁ g%!e% ?g Er#%&%eggﬂé%ﬂﬁg%%%f%lg
mmol ) of a 504% pet &s$ gm (ileédiod enredu e guiss 13D Instieo w v &dded o viellileow
sol ution and étlrred at roomtenperature for 5 hours. After 5 the
reaction, éfe was added, the reaction product was washed in

wat er, the solvent was rerApved, and the obtained product was purified
by columm chromat ogridgdhy|[to obtain an iodine material represented by
the follow ng fornula as 20.4 g (27.4 mmol, yield rate of 72 es)
of a yellow solidy @0 OH The i odine material of the above
formula (32) was g sps q @ of toluene and cooled to -30C
20.6 mM (32.9 mmoH}Cof n* Tum (1. 6M hexane sol ution) was
added dropwi se to this squt| ] stirred for 30 minutes. 15 10.6
m of a toluene soluti 3 84.3 mmol) of 3, 3 5,
5-tetramet hyl cycl ohexa dropmnse to this soK@ﬁDon and
stirred at OC for 3 hol M. eaction, toluene was added, the
BT, tBEHsol vent was renoved, and

t he obt ai ned product was 20 pu ifgpd by reslurrying with nethanol to
obtain a ketone adduct i , by the following fornula (33) as
10.1 g (17.8 mmol, yield rate ofCed %9 of a yellow solid. 80

The ketone adduct_of the aboye f rnula .3 di ssol ved in
oSt otr oo ur ahbe faBaRav 55es ey 18 Ts ptathEn R E ol Rt T d38) o

of 5 %jpal | edkuai sabhi-da mres@dxdte%@r&@l@teher gfldake s OOM { & ETAL U@@l
for 8 hours. After the reaction, toluene was added, the reaction
g (48.0 mmol) of p-toluensulfonic acid was added to this

solution and refluxed for 3 hours. After the reaction, the

reaction product was washed in water, and the solvent was



CH3 The debenzyl ated material of the above formula (34) 15 was

di ssolved in 150 m of toluene and heated to 90C. 9.1 g (48.0 nmol)

. of p-toluensulfonic acid was added to this solution and ref |uxed for
3 hours. After the reaction, the reactiog,product was washed in
water, and the solvent was 81 renoved to obtain a naphthol material
repr esent ed JE’é‘tﬁé'xFl&iﬁ%'@Mté‘ﬂanrﬂ% tlﬁ@@)mé‘@en’élglgré%geéeﬁﬁgb byl ehé
rate of 78 ﬁéPof a yellow solid C CH3 H3C H3C OH (35)

5The el enent 136(??&119/@ Eoynles(d3) ta S5 pf cBluck2 vieremal, 4}11%@fr6¢e of

7.99 %of H re al nost equal to the

cal cul at edval ues S?Pégfﬁé%%gﬁh%§f5%554%; H 7.95% N 0.00 %9. Wen
t he proton nucl ear magnet C}egnﬂ?nce spectrum 10 was neasured, it
showed 29H peaks badhd kyl group and an al koxy group at 8 of
around 0.5 to 4.5 ppgm_ond 7H peaks based on a hydroxyl group and an
aromati c proton at 5.0 to 9.0 ppm Further, when the

13C- nucl ear nagneti c resqQnange 15 spec m was neasured, it showed a
peak based on the carbon o TR i
160 ppm a peak based gn arbon pf an al kyl eneoxy group at 8 of
around 80 to 140 ppm /A d

group and an al koxy of d 20 to 80 ppm 201t mg
confirmed fromthese resuLys that sol ated product was a 6ﬁ%bund
represented by the above formula This conpound is a
napht hol conpound used in the agove ldp. 82 Napht ho

compounds shown in the table weke synthesized in the same manner as
in Exanple 93. Wien the sty G &df the obtained products were
anal yzed by using the same StfuctWe confirning means as in Exanple
93, it was confirmed 5 that they % napht hol conpounds used in
Exanpl essshown i nThabled ethentalll anélstwiss vadlmed erferttals gnaddigits were

val ues of t e unds_and f he | c al

characterlsgﬁc4 fn%%4§ s%eggracﬁ%ﬁgaﬁg%% gnytﬂ tﬁh&ﬁ@]@ﬁrg(ﬁ%ﬁﬂ

of the conp to&&e(é&b&uféﬁ@!ixﬂdllu@%&f%ggngt 30 3H. @ 25'11{ 7.95 %,
55.0-9.0 7H 50.5-4.5 13H 55.0-9.0 7H 50.5-4.5 28H 55. 0-9.

50.5-4.5 218 $508 §)o 711 50.5-4.5 3011 155.0-9.0 711 50.5 4.5 32H
55.0-9.0 8H 50'5'ﬁhénz%HeSEIQt%npnﬂ@l@ngmﬁgie%gg §%s%h%n%e7gpectrum

10 was measured, it showed 29H peaks based on an alkyl group
and an alkoxy group at & of around 0.5 to 4.5 ppm, and 7H
peaks based on a hydroxyl group and an aromatic proton at
6 of around 5.0 to 9.0 ppm

Further, when the **C-nuclear magnetic resonance

15 spectrum was measured, 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 alkyleneoxy group at 6 of around
80 to 140 ppm, and peaks based on the carbons of an alkyl
group and an alkoxy group at & 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 (35).

This compound is a naphthol compound used in the above

Example 20.

25 Examples 94 to 135
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SEE
Naphthol compounds shown in the table were synthesized

in the same manner as in Example 93. When the structures
of the obtained products were analyzed by using the same
structure confirming means as in Example 93, it was confirmed
5 that they were naphthol compounds used in Examples shown in
Table 8. Table 8 shows the elemental analysis values of these
compounds and the calculated values and characteristic 'H-NMR
spectra obtained from the structural formulas of the

compounds .
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CE. 1E ZE Exanple No. OTT ITT 311 EFL TILT STT 911 11 811 86 (NWN)
211AIN - HT 65.0-9.0 71! 60.5-4.5 231! 65.0-9.0 7H 60.5-4.5 23H

, 65.0-9.0 9H 60.5-4.5 211! 65.0-9.0 713 60.5-4.5 2513 65.0-9.0 CH
60.5-4.5 2513 65.0-9.0 613 60.5-4.5 2513;65.0-9.0 713 60.5-4.5 2113
65.0-9.0 713 60.5-4.5 2313 Elenental analysis val ues Cal cul at ed

val ues Z 000z £EO-909r 098 0PPyEH 15,000 00 O z 1999 9E 'S Z0 L 9z
- Since the chromene compound of the present invention
develops a color of a neutral tint by itself, it can be used
alone and hardly undergoes a color change at the time of fading
5 and a color change at the time of deterioration. Further,
since it has little initial coloration, high color optical
density, high double peak characteristic and high fading
speed, an extremely excellent photochromic lens can be
obtained from the chromene compound. Therefore, color can
10 becontreolledbymixing it with another photochromic compound,

and even when it is mixed with another photochromic compound,

it can exhibit excellent photochromic properties.
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1. A chromene compound having a skeleton represented by the

following formula (1):

(1)

5
wherein R’ is an electron donor group having a Hammett
constant o, of less than 0, and the ring portion represented
by the following formula (2) is a hetero ring:
(2)
8
7
10 X

wherein X is an oxygen atom, sulfur atom or group represented
by the following formula (3) which is directly bonded to the

7-position carbon atom:
R2
I

—N— (3)

15 wherein R® is a hydrogen atom, hydroxyl group, alkyl group,
haloalkyl group, alkenyl group, alkynyl group, cycloalkyl
group, alkoxy group, aralkyl group, aryloxy group, aryl group,
amino group, heterocyclic group having a nitrogen atom which
nitrogen atom is a ring-membered hetero atom and bonds to

20 thenitrogen atom in the above formula (3), cyano group, nitro

group, formyl group, hydroxycarbonyl group, alkylcarbonyl

group, alkoxycarbonyl group or halogen atom.



frE SE 9 6E TT, Exanple No. 611 Oct |1 CC ZZT EZT 17ZT SZT 9ZT 87
UMW -H 65.0-9.0 711 60.5-4.5 231-1 65.0-9.0 711 60.5-4.5 2311

65.0-9.0 711 60.5-4.5 1711 65.0-9.0 71-1 60.5-4.5 11H 65.0-9.0 71-1

60.5-4.5 1311 65.0-9.0 711 60.5-4.5 1711435.0-9.0 711 160 5-4 5 1311

65.0-9.0 1111 60.5-4.5 911 65.0-9.0 911 60.5-4.5 911 El enent al

anal ysis val ues Cal cul ated values z 000 000 000 000 000 000 00O O 000

00 O
2. The chromene compound according to claim 1, wherein the

hetero ring represented by the formula (2) is a hetero ring

represented by the following formula {4):

R1z R13
n
(Y |8 (4)
R10 7
"X
5 R

wherein X is as defined in the above formula (2), and Y is
an oxygen atom, sulfur atom or group represented by the
following formula (3):

R2
_l\li_ (3)

10 wherein R? is a hydrogen atom, hydroxyl group, alkyl group,
haloalkyl group, alkenyl group, alkynyl group, cycloalkyl
group, alkoxy group, aralkyl group, aryloxy group, aryl group,
amino group, heterocyclic group having a nitrogen atom which
nitrogen atom is a ring-membered hetero atom and bonds to

15 thenitrogen atom in the above formula (3}, cyano group, nitro
group, formyl group, hydroxycarbonyl group, alkylcarbonyl
group, alkoxycarbonyl group or halogen atom,

R'®, R™, R' and R' are each independently a hydrogen atom,
hydroxyl group, alkyl group, haloalkyl group, alkenyl group,

20 alkynyl group, cycloalkyl group, alkoxy group, aralkyl group,
aryloxy group, aryl group, amino group, heterocyclic group
having a nitrogen atom which nitrogen atom is a ring-membered
hetero atom and bonds to the carbon atom bonded thereto, cyano
group, nitro group, formyl group, hydroxycarbonyl group,

25 alkylcarbonyl group, alkoxycarbonyl group or halogen atom,
R and R, or R' and R'® may be bonded together to form a
carbonyl group or aliphatic hydrocarbon ring together with

the carbon atom bonded thereto, 1 is an integer of 0 to 4,



x 63 L 6ZL 6t 9 Et' S6L 'S6Z296L OE.5S UET 18 ET T8 Z9' 08
Er SL 178 SL ZZ 18 t8 St 80-Z8 Er SL Experinental val ues 000 00'0
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15

20

m is an integer of 0 to 1, n is an integer of 0 to 4, and
(l+m+n) is an integer of 2 to 4, with the proviso that when
mis 0, 1 is an integer of 0 to 4, n is an integer of 0 to
4, and (1+n) is an integer of 2 to 4, and in this case, adjacent
R and R* (1 # 0 and 1), R and R* (1 # 0 and n # 0), or
R' and R (n # 0 and 1) may be bonded together to form an
aliphatic hydrocarbon ring or aromatic hydrocarbon ring
together with the carbon atom bonded thereto, and when m is
1, 1 is an integer of 0 to 3, n is an integer of 0 to 3, and
{l+n) is an integer of 2 to 3, and in this case, adjacent
R* and R™ (1 # 0 and 1) or adjacent R*? and R'? (n # 0 and
1) may be bonded together to form an aliphatic hydrocarbon
ring or aromatic hydrocarbon ring together with the carbon
atom bonded thereto;

and the chromene compound has a skeleton represented by the

following formula (5):

(5)

wherein R* and X are as defined in the above formula (1) and

R*®, R, R'?, R, v, 1, m and n are as defined in the above

formula (4).

3. The chromene compound according to claim 1 which is

represented by the following formula (6}:
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Si nce the chronene conpound of the present invention devel ops a col or
of a neutral tint by itself, it can be us2d al one and hardly
undergoes a color change at the tine of fading 5 and a col or change
at the tinme of deterioratigdn. Further, since it has little initial
col oration, {RYh/Cpl@ optic%g-density, hi gh doubl e peak
characteristic afyh hi gy—fadi speed, an extrenely excell ent
phot ochromi ¢ | enf\@an/be bt ai ned from the chromene conpound.
Therefore, color can M be \th ekl ed by mxing it with another

phot ochrom ¢ conpound, & gn wheh it js=m xed with anot her
phot ochrom ¢ coppeuynd, i exhi bift exXcel | ept phot ochrom,c
properties. 89 CLAMNG A _cHregenelconpoun avi ng a skel &t®n

represented by the fd
el ectron donok group
the ring portidq rep
ring: X

8owifg forRul g (1) 7 TR, wherein R2 is an
i gl a Hanmpptt~constant ap of less than 0, and
Zs B¥ e1}ﬁié¥%ng formula (2) is a hetero
I

(4

R'l

wherein R* is, the ring portion represented by the following

formula and X are as defined in the above formula (1):

X
5 R?is a hydrogen atom, hydroxyl group, alkyl group, haloalkyl

group, alkenyl group, alkynyl group, cycloalkyl group,
alkoxy group, aralkyl group, aryloxy group, aryl group, amino
group, heterocyclic group having a nitrogen atom which
nitrogen atom is a ring-membered hetero atom and bonds to

10 the 5-position carbon atom, cyano group, nitro group, formyl
group, hydroxycarbonyl group, alkylcarbonyl group,
alkoxycarbonyl group or halogen atom, R*, R® and R® are each
independently a hydroxyl group, alkyl group, haloalkyl group,
alkenyl group, alkynyl group, cycloalkyl group, alkoxy group,

15 aralkyl group, aryloxy group, aryl group, amino group,
heterocyeclic group having a nitrogen atom which nitrogen atom
is a ring-membered hetero atom and bonds to the benzene ring
bonded thereto, cyano group, nitro group, formyl group,
hydroxycarbonyl group, alkylcarbonyl group, alkoxycarbonyl

20 group or halogen atom, a is an integer of 0 to 4, b and ¢
are each independently an integer of 0 to 5, with the proviso
that when a is 2 or more, R*'s may be the same or different

and when b and ¢ are each 2 or more, R*’s may be the same



wherein X is an oxygen atom sulfur atomor group represented by the
following formula (3) which is directly bonded to the 7-position

, carbon atom 17;2 (3) 15 wherein R2 is a hydrogen atom hydroxyl
group, alkyl group, haloal kyl group, alkgpyl group, alkynyl group,
cycl oal kyl group, al koxy group, aralkyl group, aryloxy group , aryl
group, am NooHr@iPse NS €Ly R G Qfa%U@)eh%Yﬂe”Qaﬁ\B' BEOEQEféEQHhmR”hnd
nitrogen aton1|s a ring-nenbered hefero atom and bonds to 20

nitrogen atdw iaxet Rachbbvéependenaly3y, hrﬁaﬁgegr@mmm,rhdeD§wlnHr0uP,

fornyl group, ﬁ% QXNGar I 2] kyl I

alkoxycarbony} i up E3?§8%% atgr Qp :@éngﬁe§r ne%%kE%H%d%r%PP'
accordi ng tocgdbban Kyl \gt&elupl ralhexhegxe:r@ ranglkepreseni edrhyokiegroup,
formul a E? is a hetero rjng gresented by the follaqwi ng fornula

(4): Tt PEOER - )anllﬁcigﬁ PR e TPV § 51 G 8T AEPI HASH 1 2t THe- ZasiFe

for rrul a (2),a284 whilch ﬁﬁt?&&@%naébﬂnls SéJI-,_,fle ﬁibﬁl.%‘e%dghgﬁgro atom and
represented by the follow ng formul a 10 wherein R I1s a

hydr ogen at d@@ndfyd?coxtghe gkh@psatkoym gﬂtmtpn éItl’atI)TmaI W&ngr@upupal kenyd
group, alky cl o 9rQu k u
aryl oxy gr o[}%]l r;ﬁod n?})ﬁ. &q‘% no g#&gc%{ﬁ’%& er oc daucp Ifﬁhaw nd'PYal
ni trogen at anronup CIa]Jded:}&gﬁfbc&i}OIn g0 rom GralRigaer aetdmt end & oghank’
bonds to 15 the_nitrogen atom.in the _above fornmula (3), cyanq group,
nitro grBupMHHPMHPO 3%@&%@‘3}%&%#86% GEEGHY laP KGR BGiPhatic
group, al ko RUPBorDFINE 0bg82hegen &l Qe T8 pBBi t RAnadnRh3 Al .
- each independently a hydrogen aton1 hydr oxyl group, al kyl group,

hal oal kyl group, aIkenyI group, 20 al kynyl group, cycl oal kyl group,
al koxy or oupy arabiyl SLeURncITd BBl QR ATy QOB AN GAOUR S
heterocycllc ‘group having a nltro en rogen atomrs

ri ng- menber etpretsmny eat Gy atce isidsowing hﬁa:smﬂtmn Htom bonded

t hereto, cyano group, nitro group, formyl group, hydroxycarbonyl
group, 25 alkylcar--- | gr&8p, al koxycarbonyl group or hal ogen atom
Rn and R11, ofR‘R ANA\R 3 |may,de bonded together to forma carbonyl
group or allphatl ghydr/ocarpon ring together with the carbon atom
bonded thereto, 1Ng af pger of 0 to 4, 91 mis an integer of O
to 1, nis an integer Ok Q-twa 4, angd (I +mn) is an integer of 2 to 4,
with the provi soRlharhé $ 0,1 7]s an/~rteger of 0 to 4, nis an

integer of 0 to 4,\dnd (I

case, adjacent 5 s~ahg

0), or 1212 ad¥R12 ( L he boNded/ DERYE her to forn1an

al i phatic hydroglay bon |F4 ng 3r ar ona ydrocarbon ring together wth
t he carbon &' nde Petete 3a d whel ﬁhks 1, 1 is an integer of O
to 3, nis an i ger of Oto , I\\ 10 d is an integer of 2 to
3, andzi this éﬁ e, adjgeent R anskR (1 0 0 and 1) or adjacent Rf
and R1 %n 0 and 1) maybe bonded together to forman aliphatic

hydr ocar bonwhiemrg iar Ray drat RE, Hytr &éarkon R®, ng, tiogaider ame st Hefined

carbon at om.bonded thereto nd. t he hronene conpoynd has a
skel et on re&Peggﬁt%B°E§ % Em?i? BgIngP? r?ﬁﬁz¥%ﬁ§)pngF%Pn reprREFeFRa

R2 and X ar @yashéeddimesi iy tfs-rmboy anfoxmy a f14) rhd 510,51 Ry aRA,
Y, 1, mand n are as defined in the above 20 formula (4 3. The
chronene coﬁpé@nﬁhgc%%@ﬂen@oxwubaa@ﬁﬁ1@%WﬁQﬁiﬂQﬁImyp¢@§eﬁb@&ebﬁoﬁﬁéla
foll ow E Ia (6): 92 R8 (6) Rl wherein is, the ring portion
represen ed y 't he following formula and X are as defined in the
above formula (1) 2 R3 is a hydrogen atom hydroxyl group, alKkyl
group, hal oal kyl Bp, al kenyl group, al kynyl group, cycl oal kyl
group, al koxy grol qralkyl group, aryloxy group, aryl group, am no
group, heterﬁgyf p having a nitrogen atom which nitrogen atom
is a ring-ne fed fo atom and bonds to 10 the 5-position carbon

$ an i nteggr of to 4, andlly is
7z in& d 1 Rh{;nd 1212 (1 §%and n o
1)




10, maybe bonded together to forma carbonyl group or aliphatic
hydrocarbon ring together with the 13-position carbon atom 4. The

. chronmene conpound according to claim2 which is represented by the
followng formula (7): R8 (7) IX (R8)c g4 Rh 15R1 wherein R1,
R3, R6, 126, R6, R7, R8, a, b and c are as defined in the above

formula (6),5and the ehpgmpoetdadibdieRl &6€6teind\d beaimhl @Mangvherein,
formula and X, Y, Rn, R11, P72, R13.1, mand n in the above fornul a
are as defi ngd §he (HEAMRRR FORANY JREjesented by the abpEpedfrnula

conpound acc )dio'i}g(*7gbCﬂTaéﬂ@.?Reoérélbo‘ﬂ‘apercﬁ%egeitﬂek% %MH%ﬁgﬁggp&ﬁrtd

represented by the above formula (6) or (7); R/ and R8 are bon
t oget her t o Hohrecarkin phiag toagtherawbiom ttieng3tpgetihépnniahbohetom,

13- position ca n ato ,and_t he al.i phat.i c drocarhan ring has .4
Lo 50" neber Chrts AT BHe Chfd W ot 1rin BE S 2 AR otn
sel ected fromdie LHDOURE MBISEHNI Rfstaldnd Py el toal Kb ot d Wkom
cycl oal kyl gqroup, al koxy group, am nao group, aralkyl group, aryl
group and hadyEF AR RO sEnR Hhd BEnt o R urkiblea TN

conprising t n o) n f i
pol ymer i zablég%rgo%r%lqrr@ %%%%Aggﬁgﬁtg c%r or#’c%g%tniogg?bgﬁf h%%%%%%ﬁg
pol ynmer nol dewpraxdugt aywhthsd Ingen tatwomwhr onene conpound of any one of
cl ai s to 5 dispersed therein as a constituent nmenber. 8. An opti cal
article Havi ng an optical substrate whose 20 surface is at |east
partially caated W pdhotdedlrvic fduride aoupisdidientcdatis wheraian
the polyner filmcontains the chronene co?ound_ of any one of clains

1to 5 di sp&heiantecampPowsl ®Ia a0k FuR T it SR E by t he

follow ng f b 481 Monomiierein a, R, 128, R4, R7, R3 and a
ring portion including X are as defined in the above fornula (6).

15 7. A photochromic optical article having a polymer molded
product containing the chromene compound of any one of claims

1 to 5 dispersed therein as a constituent member.

8. An optical article having an optical substrate whose
20 surface is at least partially coated with a polymer film as

a constituent part, wherein the polymer film contains the

chromene compound of any one of claims 1 to 5 dispersed

therein.

25 9. A naphthol compound represented by the following

formula (8):



95

(8)

wherein a, R', R?, R*, R’, R® and a ring portion including X

are as defined in the above formula (6).



