1 DESCRIPTION CHROMENE COMPOUND TECHNICAL FIELD 5The present invention
~relates to a novel chromene compound and an intermediate and use thereof. More
specifically, it relates to a novel chromene compound which is useful as a photochromic
compound for photochromic spectacle lenses and an infermediate and use thereof. 10
BACKGROUND ART Photochromism is the reversible function of a certain compound that
it changes its color swiftly upon exposure to ligimpacteding Titraviolet light such as sunlight or
light 15 from a mercury lamp and returns to i{s arigi % C é %ﬁbit is put in the dark by
stopping its exposure to light. A compound #éf%]é%lfﬁl pcfo %{g\%y IS called "photochromic
compound” and used as a material for photochromic plastic lenses. 20For the photochromic
compound usedﬂ&%eﬂrﬁ)o e following properties are required: (1) the degree of
coloration at a visible light range%e ore ultraviolet light is applied (initial coloration) should be
low, (I1) the egree of coldratipar epen expovertibartravdket #ghttto 25hevelerrdd torasie
"color optical depgihy, Nerainafigr) ghopid-he hioky () the. pead ram the fime whenthe
application of ultraviolet light Is started to the time when the color optical density reaches
saturation (to beSiefstidd @dd YoolbE dedéRpRfeMsensiavial ivishates) skowawechighigh
(IV) the speed from fhe-stoppage of hearplicaion of ulavigleldiohLio dE’ﬁ&EB%M@rRﬂBe

compound returns to its original state (to be referred to as "fading speed” hereinafter) should
be high, (V) the F&SeHtdet&biti§ ot s 3863l RFRADRhBERI B HIgASEnd Pemerd -2
solubility in @ monomer composition which will become a host material after curing of the
photochromic compound should be high so that its dispersibility in the host material in use
becomes high. WBC%HC compound which can satisfy these requirements, there

are known chromene copraissisRavingnaddneeaod@vdF9 NEatEaNEtA d3) By o ket
as the basic skeleton (ref%r tzl%%amph et of Inter,nationai Laid-Open_W099/15518 and a
ard- :

pamphlet of InteTRAGONAT et 16°RB9661/608199-°F S¥ ISt HEFthaeRosure to
photochromic plastihterisnedmpgtsigoube phetechsaniid gampnurid ahogldrdeMgiop axcdlagbfa
neutral tin guchﬁsoglra%/ or brol\'/lvn. Aig(r)r!or g}‘] nleéjtt:rajlf}ilnt ig obt%igegrby r{11i1xail g (t:ci)jglecgher h
several différent kinds gn(%rp%o]fgchronﬁc compoun%ls Which dlevelop diffarehit corors Mors™
specifically, it isobtamenidy mixinhea dalidw iy red phptothrdinie exppoume: (yelldvight . A
compound) havj ' rption.a ' rplet .
photochromic c?r%ﬁ%%%ﬂ%m o%tlt% h%%?r%%%%iﬁn%r\g%bg%%n 8%%5%0% f(? rtnolgSO nm
at the time of colempsgishmand usedodever Watatréolor Eomrotis tasidooutdphisstic
method, various; groblems occur due to the difference in photochromic properties between the
compounds which have been mixed together . For example, when the repeat durability 25 of

the yellow?€ompound isiigWeF ifaPiREBFIFECRILE GPAFSHHRAaHS 85k PREtICRESTRUBIASEE -
lens is used for gHeng dMex e geyeiopes€olos aradualy ghangas to a colavitgstiang £

blue tint. When the color development sensitivity and fading 30 speed of the yellow compound
are lower than tﬂ8§€5§ﬁf‘e°5’llfetc6rﬁdﬁiﬁdl,?h%?@g&ﬁﬁngﬁrﬁﬁlgﬂ?ﬁé?gﬁ@%‘éﬁ](ﬁﬁiHglaé%r
development hassa stipng dile(tint iantktheslerdiringpdingdhassa strongyellaw tint. dhis
considered that#gisﬁ?robleﬁn %a.ﬂp be soglved by 3 using a compound which has two,or more
absorption maxighE R IheTMEoF ExSEs R A §HRVSIOPS & Sotdt of At tiht B &k
(double peak carepoefe)reid kooven‘thallayetonicempiend is genesaly inferiorto abbeld
compound in 5 durahility. Th re,.a compoyngd having a higher yellow color optical densit
(it & e BB b e S s 150 ray R P b B SRR ear Lo
density (havingeEmakirmamiapsetptlorpivaveke gtz at 560 to 66Bem)i sadedied ahthecdduhte
peak compoun To] y lor opti ity blue color optical density
in the double pgéip ggr%%oér%? %nlzil1 be%J %Z%rﬁ%g tog gg%%lg%eb#é%eﬁ%%?acﬁgr?s%ﬁfﬁérgﬁaﬁgr).
As the photochrorrit @b hpvalePaeing 8eo sl iiore thSdiptied nakiauhs hothedihe ol gblor

developmet (dewbie 1haeakcampeuar) chers aipkaoun sampoundsganeseated yiihe

following formulas (A) to (D). However, these compaounds have room for the improvement

of the following'port3VERHSS, d EHRSMERe ot founRl MprEsdited BymheysibwRgYsmRulE

its original state (to be referred to as “fading speed”
hereinafter) should be high, (V) the repeat durability of
this reversible function should be high, and (VI) the



OCH3 A chromene compound represented by the following formula (B) (refer to a
_pamphlet of International Laid-Open 25 W003/044022) has smaller absorption at 430 to 530
nm than absorption at 550 to 650 nm and low double peak characteristic. 4 Although
a chromene compound represented by the following fornula (C) (refer to a pamphlet of
International Laid-Open W005/028465) has excellent double peak characteristic and practical
levels of color opthhbeAditySiame fadimgnsme edhipe shd Dbitswahisdnpiian Spsstrome(to hest
referred to as " rpti nd; hereinafter) goe ond.420 nm into the visible range.
Theretors,  has EEs B e o S, OF (e B o S & e Eogp .o
(C) ocH3 10Further 1J5206G87/08be078A S discipsussd blifbhfene. pofripe Undsepresseatedch by tme
following formula (1) b@gwﬁggr,ﬂq%ﬁqmpound has room for improvement as its absorption at
430 to 530 nm is smaller than absorption at 550 to 650 nm and its double peak characteristic

is low. 5 CH3 1 P4 || CAS N(Fsc 3@y oiBers.g JFAUmCHd DISCHOSHREDH FHE these
INVENTION  r-id% inesgione an ehieclolhe IASGRE IBHSUHhID PR, A SRreMe98 s an

compound which develops a color of a 5 neutral tint and has much improved photochromic

properties as coMBHE® idththé rRB efidouhtR) PY TaRisSHRENaIS edofthe praseie
invention to proige ashsemene compreyng WhisBiesdittisrinitial eoloxatin drigh galgr @?@%'
density and a high fadgn% sieed, is rarely 10 colored at the time of deterioration and rarely
experiences a r(%&i?c?i hr tBI Bt Rty Shenfit SfstrRbiaiaily, 1RG5 OB&Rlent
durability ebphotaehsomjcsprepenties. It is still another object of the present invention 15 to
provide a chromene com%ound which can glissl:agrge in a monomer composition which will

become a substrate of ah-optftal Aftic 4 h &rﬁeﬂ%ﬁﬁ@ﬁhromlﬁ PR bR of
the present investinp td pievide leenphelteaitioa o rapentchiod thecnaduteiwesy thec or

chromene compopnd of the present invention. Other objects and adyantages of the present
OP gﬁ[ (IEI) geu%

. . . L IEeULY int snu as gr O ro . (8]0] ro 2
invention will become apparent from the fo owmcé gé/scrlp o, Ttis khbwn Plat, In the in en%

(2, 1-finaphtho @i 2th)ipyrahtskiteton yhioh:is kgownde i2seprovidesexrde ent photathranicl s
properties, 4ne qoublg Beak ADRMRCIEIRLIGIZ MR VEH: (16 2RIAURUPD §99 £ARAS colors.
More specifically, it is obtained by mixing a yellow to red
photochromic compound (yellow compound) having a maximum
absorption at 430 to 530 nm with a purple to blue photochromic
compound (blue compound) having a maximum absorption at 550

20 to 650 nm at the time of color develcpment.

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

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

When the color development sensitivity and fading

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

It is considered that this problem can be solved by



6 positioned at a short wavelength range and the initial coloration can be reduced by
_enhancing the electron donating ability of the 6-position and/or 7-position substituent(s)
(introducing an electron donor group having a Hammett 5 constant ap of less than 0) whereas
the fading speed becomes lower, the color developmenj by heat at room temperature under
no exposure (this color development will be referred to as "initial coloration by
thermochromismidigiginaftesmpecoraestargrr nad thedurabiityrkecospes pweirasntieiblims
electron donatinfg[ abél't oLthe 6—(9 siton and/or Zéﬁos(i]té)n gﬁgstituent s) becomes higher.

The inventors of the PrEsemt TRvetioR Tave-¢oh AYEHSRS sfdfés s die th al
problems and havienfouny thata thrddend tenpaidwhisbias)highmoutde lpeakd Scthat a
characteristic, not SﬁIC())W f%qtiln%]&gged Sgndellilttleai.ﬂliﬁjal colg[eaéiogrb)étherrgtichromism thoggh
the electron don%ﬁng a‘f’)ilﬁy e substifient. fa amett constant a|8 Fose 1 Ofcljs“l foRRrige 11

obtained wien alspedifid-sthystituBhecmiaming a satfmpatandistiatradigced imfgrtier6-poiition
and/or 20 7-positi the (231- t -h)pyra ure. The present invention
has been accomgpg%gﬁgd %%{s%da?%% t?ﬁ é’%ﬁ% %%%téisqﬁg%ﬁﬁe ?;%)eﬁi%%rﬁ%v%%tion is a
chromene comp@ﬁﬁlﬁ%@a gkeléioh r@bréé’&t@@byth@%ll@h@n@)@ﬁ&oﬂﬂ&@ilﬁp’iicaﬂn
the ahove formua il apdR2 e asih shifl salining sbivertsgiedted fram e,
group consisting of thiol'group, alkylthio group, alkoxyalkyithio group, haloalkylthio group,
cycloalkylthio gréaf, Bfylthiess Groiir&ad Astdrbanyftaldgroupeal 1oompavamdbdidie ratio
sulfur-confgjning, substityentiand B31is 2 Sydraaen atanm.:hxdoxw Groupualkyb SEWRpt i cal

haloalkyl group, cycloalkyl group, alkoxy group, amino group, heterociglic group having a ring
member nitrogefSSHtahd-Bofdisd PR e MRFRPI W hREhash stefryERgieppas

bonds via the nitr@gan BEOPeayaEHAEsET BIFDGrodp, fosmyli aroepe Bydroxycarbonyl group,
alkylcarbonyl group, alkoxycarbonyl group, halggen atom, aralkyl group, aralkoxy group,
aryloxy group or aryl gr&\fp,rg??iii? gﬁ??ﬁ&%‘&\% EBHIBQ&%%%‘Q%SEY{%@ES%?&EN is a

hydrogen atom ahysisexyt Heoupaakyhgis up; haleatkimerewceycieated -giasmalkoxjaarabpe
amino groyp, aliphatic heterocyclic group having.a ring member nitrogen atom and bonded to
the bernreb i A A et R S Cho GYOLR SO R R R R oy i
group, 20 nitro grelpeformy| §roomhgdroi@tarbonyibgroup, alkylcarbonyl group,
alkoxycarbony! group, halgasn.aiom aralkulroUR HE KO TR U AARY YOUPsvement
Secondly, the present invention is a photochromic curable composition compnsn?g the
chromene cpm@@@f tﬁ@h%‘%\fé@éhﬂqﬂwmﬂ)n q’iﬁhé}i@lﬁﬂerimm@mmmmersompofmﬁdly,
the present inventionds a-phoiaghrepic apficalatigle Javing.2 pelymer paglded product ;o

containing the chromene compound of the present’invention dispersed therein as'a

constituedPmerfbetireBas M plade tflc Boas deht [hRRlidn Bamh pteafaditrohapiegd
an optical substate alber Rabehat leastene sudace,efwhichis coptedwith,apolymer film
containing the chromene compound of the present invention dispersed therein as a
constituent merfiB&ra8§ter iR, Hfe Bicent invention is a naphthol compound
represented by thee %) which will be given hereinafter. 5 BEST MODE FOR
CARRYING OUT A= The chromene compound of the present invention

e ?é'i’epresented by the above formula (1) as
@ compounds having an 10

an siICtove-as the basic skeletoq&y(hibit excellent
photochromic propertig t of e Jchromene compounds having the above basic skeleton,
the chromene ({:'s%e ' ht invention can develop a dark or strong color of a
neutral tint by i q )s excellent photochromic properties by introducing a
specific substituent into ffeHB-positigh and/or 7-position carbon atom(s). The specific
substituent is a sulfur-containing substyent selected from the group consisting of thiol group,

alkylthio group, aIkoxy%kﬂ%%g&o%@%ﬁylggﬁg%%%goggé/ig?%ugégﬁb@.\gﬁ@o

group and heteroarylthio group. A chromene compo aving a sp stituent
introduced intoir&Bp&aifiHosifsiSyrhis FedrubkicknoThentboxmaiubetiak faddtfodiven

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

the basic skeleton. It is
indeno(2,1-f)naphtho(1

absorption at 550 to 650 nm and low double peak

characteristic.



10 coloration due to the positioning of the absorption end at a short wavelength range.
_Further, when 121 and R2 are the combination (jii), there is obtained the chromene compound
of the present invention which is particularly notable in that it is excellent in 15 double peak
characteristic and durability and has little initial coloration due to the reduction of
thermochromism. In the above combinations (i), (ii) and (iii), R" whichis a substituent
astiion éarbon atom of the pyran skeleton and/or R2 which is a substituent
sttigrrtdibon atom of the pyran skeleton arefis a sulfur-containing

s ﬁ')(hiol group, alkylthio group, alkoxyalkylthio
pup, arylthio group (%}d heteroarylthio group.
efabiyan alkylthio group having 1 to 6 carbon atoms.
Preferred examples ¢ alkylfBiol group include methylthio group, ethylthio group,
n-propylthiogroup, isépro@ylthio group, n-butylthio group, sec-butylthio group and t-butylthio
group. 30The above alkoxyalkyltg d oup is preferably an alkylthio group having 1 to 6
carbon atoms and sub&ituted by an alkoxy group having 1 to 3 carbon atoms. Preferred
examples of the alkoxyabdithivigroup intludeensthogppetmtihiogpuoepaenetdxyethylthio
group, methoxy 10 pRrapytig gravn, %Eh%{eg%w&m g%%@@xcyftmﬁa?k%%poﬁ%

n-propoxypropylthio group. The above haloalkylthio group is preferably an alkyl group
having 1 to 6 cafsoriafeRE atP Iy StAGa Dy AAgosHsshiemt chiovhe at@aadt bromine

atom. Preferred @Pfaw&ec%gfi@@if@lala&g%%&wiq%%%iwm%w&gaaoy&ensity

tetrafluoroethylthio group, chloromethylthio group, 2-chloroethylthio group an
bromometh?lthi@@?%tf&%aﬁ@@@éycl%%ﬁ(ﬁﬁ glou % plefEBROR0BRIEIMhIE §régH
having 3 to 8 cathoneateass toreferredexapplesobing cydealkvithie srougdeaugeyond 420
cyclopropylthio group, cyclobutylthio group, cyclopentylthio group and cyclohexylthio group.
The above aryltfiB grBGS idBrefdraB i AT akARis 15 éBSE F50hG 6 fotlé%ﬁrb’b?io&fog@?
Preferred examplap ebikanantihisegroupdnadlude pheaylthio graui-aaphthylthio traw and
2-naphthylthio g[oup. The above heteroarylthio group is preferably a heteroarylthio group
having 4 to 12 cafdoh atoms. Preferred 20 examples of the heteroarylthio group include
thienylthio group, furylthio group, pyrrolylthj up, pyridylthio group, benzothienylthio group,
oGro p. One to nine hydrogen atoms, particularly

preferably 25 one to four, C s of'tach of the above arylthio group and the above
heteroarylthio group may e @ i drakSfitroup having 1 to 6 carbon atoms, an
alkoxy group having 1 to 6 carfjG 3, @ cydloalkyl group hgyng 3 to 8 carbon atoms, or a
halogen atom. 30As the abo taining substituent, an alkylthio group having 1 to 6
carbon atoms, an alkylthio L. to 6 carbon atoms and substituted by an alkoxy
group having 1 to 3 c§ , or f cygloalkylthio group having 3 to 8 carbon atoms is

preferred from tp% ewpotnts &1 inchgasing color optical density and double peak
characteristic and reducing initial colora@i@rsby positioning the absorption end at a short

wavelengiiprange and redueing:thereaahsomsig oouiher. an sdddbiogoupn-bavng 1 to 6
carbon atoms or a cycloalkylthio group having 3 to 8 carbon atoms is particularly preferred

from the viewpdTER T cERRTFESBE66RY HRAsKY LHAHRBIETR hdRtteridiRMAver
particular. Partietarly prefeted examplesnf thesd gmtpsdaetde seethybhiogrevprebiylthio
10 group and cyclohexylthio group. A thiol group or a haloalkylthio group having 1 to 6
carbon atoms is‘%ggaf r%a r%n?f‘r‘wel\ﬂe\?fﬁ%ﬁw%%f f#g S ggﬁﬁéﬁga% %ptee%'r'gnd:?%o%%ﬂwdm
initial colorationamdthietmodonaniiemp&akhehsarhatoatkykitio@ragp bawing 1 to 15 6 carbon
atoms is particularly preferred. More specifically, a trifluoromethylthio group is particularly
preferred. In the above combination (ii), R2 is a hydrogen atom, hydroxyl group, alkyl
group, haloalkyl group, cycloalkyl group, alkoxy group, amino group, heterocyclic group
having 20 a ring member nitrogen atom and bonded to the benzene ring to which the
heterocyclic group bonds via the nitrogen atom, cyano group, nitro group, formyl group,
hydroxycarbonyl group, alkylcarbonyl group, alkoxycarbonyl group, halogen atom, aralkyl



30 group, pentyl group and hexyl group. The above haloalkyl group is preferably an alkyl
group having 1 to 6 carbon atoms and substituted by a fluorine atom, chlorine atom or
" bromine atom. Preferred examples of the haloalkyl group include trifluoromethyl group, 12
tetrafluoroethyl group, chloromethyl group, 2-chloroethyl group and bromomethyl group.
The above cycloalkyl group is preferably a cycloalkyl group having 3 to 8 carbon atoms.
Preferred examples of the 5 cycloalkyl group include cyclopropyl group, cyclobutyl group,
cyclopentyl group and cyclohexyl group. The above alkoxy group is preferably an alkoxy
group having 1 to 6 carbon atams. Pgrred examples of the alkoxy group include methoxy
group, ethoxy group, n-pro @ .30 ISopropoxy group, n-butoxy group, sec-butoxy
group and tert-butoxy grouph & abSve amino group may be a primary amino group, or a
secondary amino group or tertiary\e i

Ne OrdYyp having a s ituent. Examples of the
substituent of the amino 15 group ( aving 1 0 6 @c atoms, haloalk)d))
Ag 1 19 6 garbon atdms, cycloalkyl group

group having 1 to 6 carbon ato Koxy'@roup N
having 3 to 7 carbon atonf$, ary 210 i to 14 carbon atoms and heteroaryl group

£ @u ples of the amino group include amino group,
methylamino group, dimethylaminogipup, ethiylamino group, diethylamino group,
phenylamino group and diphenylamino group. Preferred examples of the above
heterocyclic group having a ring member nitrogen atom and bonded to the benzene 25 ring to
which the hetergeyshe grapproendsia theritiegesatom include aliphatic heterocyclic groups
such as morpholino group, piperidino group, pyrrolidinyl group, piperazino group and
N-methylpiperazino grod; artl BRSHEICREIEHBcPRitSgbuURS &hp RS ARRMAYEGRGERL1oN to
30Preferred exapiies gbthe aipveikdcahppyla@URHRCHIG AcYLEOUD }M or of a

ethylcarbonyl group. Preferred examples of the above alkoxycarbonyl group include
methoxycarbongtiSEE an b Bio BRA B8Ry M1SRp BRERBRS BPﬁEoréﬁg"éﬂﬁté?ﬁ FENHOfTe
atom, 13 chlorires atesmdereatine atm e iadiseatemnpountize above aralkyl group is
preferably an aralkyl group having 7.to 11 carbon aioms. Preferred examples of the aralkyl
group include benzyl gr%%}ﬁh%rﬁ%]:el?ﬁﬁ GRAESS ﬂge%?png%ﬁ’ TSP Qﬁtﬁ%%{lﬁvgrﬂ)e
naphthylmethyl grohjpomenel hembhoua @retiioxly gecup 1s: pletetalily Banlacalkexxagroog hAYiag
7 to 11 carbon atoms. Preferred examples. of the aralkoxy gr include benzyloxy group and
10 naphthylmetléc%ré[;/ogrroa‘?).glcaﬁh(gea so%/sg%r%%%rﬁul % g:l‘ép%%gglysﬁeaerc;rox%/%%&g% fy
having 6 5012 catioradas. Phefetrbuee xdipids=afitheairlory amdupamgige ssheaylbepces
group and naphthyloxy Qroupn The abgys Ard groun, is @@J?%r%@g Ihay! goUpNIG 15 6 to
14 carbon atoms. Preferred examples of the aryl group include phenyl group, 1 -naphthyl
group and 2-napigBgegEetpy . thRtesktsarafikytglopn bralkarpdrotipy apfophgtoephareay|
group may be op%@}gxégbstituting 1 to 7 hydrogen atoms, particularly preferably 1 to 4
hydrogen atoms of a 20 benzene ring or a naphthalene ring by the above hydroxyl group,
alkyl group, haloalkyl grétip 1&yciaiRyi RBGE eko8PIRED, amitd§rdvipe BeRdrodlieRfréGp
cyano group, Nitte gheswpi Bnayk BEs ey Bexyearhanyhg @Rk IcasRaRM 49 ¥Pnonomer
alkoxycarbonyngroup or.halogen atom. 25When R2 is a hydroxyl group, alkyl group,

cycloalkyl group:-AMRSS JraqE, &Rty BlplnBerfaNRIie gFARFhdAhE anFReffet cal

nitrogen atom agdihiortiediia the hegrerefiegit whichdie heterocyclic group bonds via the
nitrogen atom, aralkyl group, aralkaxy group, aryloxy group. qr aryl group, 3Q the double peak
characteristic becomes ﬁgﬁésf tﬁar%v@%%%% 55% S%tu poﬁhg%%aé%aggﬁbﬁpgﬁﬁié%@ﬁ’é%
preferably a hygroxyligteup radkexy gempips AanlinearpupnideBsecytlic geoupiaaing e bifgthe

member giHogecr}latgrrIpearéd Q&rﬁd%%t%a bgngﬁgg ri]r_)(]gsbonded theretq via the nitrogen atom or
aryloxy 14 °group from the wewﬁ’om% ofincreasi

L invention.. .
ouble pegk characteristic and color
optical density and reduidgeinitidljcaddratimnda gusitibaing shelideeptioe sed@tiagkart i on
wavelength range. |t IS BRIl PLSIEIRlY A RK@OLEIONRAIEOCHElG gToup having &
ring member nitrogen atom and ed to a benzene ring bon &d thereto via the i rogen
atom. More specifically Tt islsarkivgtarly pheferablyratthethoxy group or morpholino group.
indeno(2,1-f)naphtho (1, 2-b)pyran skeleton which is known to
25 provide excellent photochromic properties, the double peak

characteristic is improved, the absorption end can be



20 ring member nitrogen atom and bonded to the benzene ring to which the aliphatic
_heterocyclic group bonds via the nitrogen atom, alkylcarbonyl group, alkoxycarbonyl group,
halogen atom, aralkyl group, aralkoxy group and aryloxy group out of these are the same as
those enumerated for R2 in the above 25 combination ). When Rl is a hydroxyl group,
alkyl group, cycloalkyl group, alkoxy group, amino group, aliphatic heterocyclic group having a
ring member nitregehtatormeandhordeshiorthevrenziaadgilg teaviieh diejaliphaticiietdratyclic
group bonds 30 via the nitrogen atom, aralkyl gr. aralkoxy. group or aryloxy group, the .
double peak chaSA2FALC BECORIBE FigHar IRaR deR RIS QIS Suer T 1HoSe B8
these, Rl is prefekably & hyolfoxyieréupcakaxyogreupd Amind-grosp, thetareayicht Hrowgmita\bng
@ ring member nigagen.aiom and.4° bonded ta the enzeeding hondad thereionia e
nitrogen atom or aryloxy group?rom the viewpoints of increasmg double p%aﬁ characteristic
and color opticatdesdipntt iswiel@sterabinan alkirargrs p-tichéteddayy srgredptehaviag
a ring member niggasn aiam apd hopdadia Rphentens, iag l waich.Ige heteipuole.qraup

bonds via the nitrogen atom. It is particularly préferably a’methoxy group or morpholino group.

10 <preferred chfeffanaicompbasgse (Ll FHOEhARTEICEREPbuNES bf life prdsarred
invention, a chrergegg compoung repieashiad: By, the, follnuing iarmuia G istueterredras ity

develops a color of a neutral tint and has high color optical density, a high fading speed and

15 excellent duraBfiBFEFPHASAFENAEPrdiietticd TP REIRA) B REBS R GWHT RAST e

substituent ©f theidremenesearaw sepresenieskbyBeahovefernul@) will 8051 ton
described. <R1 and R2> 20R3 and R2 are as defined in the above formula (1) . When 121

and R2 are the EORBINEEBATY (32308 Pl B e same or different. <R3 and R4> 25R3
and R4 are each indepertgentiyeehydroxybgraite alkd gsaup i halealkybaroupreyetaatiott ed
group, alkoxy group, amjno group, heterocyclic group haying a ring.member nifrogen atom
and bondedt 1o thE BEPGENE 1) i PH ST B RO SRR RS GRAHBATE e
atom, cyano grdihm thiteo gioogméoimyt gnopgpahgdraxy ciroay| grogh, dkylsasaryagroup,
alkoxycarbanyl group, halogen.atom, aralkyl group, aralkoxy group, arylgx p.or aryl .
group. STE% abg\{}ea gﬁ?ﬁ&%ﬁ%% ﬁr‘efré(r)a I)% %gn%ﬁyl%ar%ﬁggﬁag\ﬁr?ggf it 8c%£rg(£)%lia or]ﬁ%.l‘l:lall
Preferred exampiesasfahé atkybyrdtipeinuiadbmethgigiouppgthyt roup! eqiopyl goupting

isopropyl group, n-butyl groyp,.sec-butyl group, tert-butyl group, pentyl group and hexyl group.
10The above haa%ﬁf}lé roﬂ%pist%?efgﬁi%ﬁéﬁ %ﬁ(:r)l/ grgatljp . é‘il/?r%‘ 156 %%aar gn %’for%%o;é’n% v
substituted by aPfludgné ot Eiemiaad Ml brREPRcGHbAC FleRstdd urihplenbftheing

haloalkyl group incdyde{fiflugramethyl groupetRitalidoreathylgraur, Chigrpmesiyl.rgyp,
2-chloroethyl 15 group and bromomethyl group. The above cg;loalkyl roup is preferably

a cycloalidf grotipRRE et 8tafith dbdrnelefetrel) SarhnBe 6f the&)dRERA group

include cycloprephgaui: £y ClofuylsFaie oy Clopeaht SreUmasd s¥eiRhexs SR 2dde
above alkoxy group is preferably an alkoxy group having 1 to 6 carbon atoms. Preferred

examples of thAfR6%y GrodihtiubitHHaM8xy group, ethoxy group, n-propoxy group,
isopropoxy group, N-buttkytgrosp, See-Hulioxy @iesRuarttait bt aroun. 26 Thecahitene

amino group may be a primary amino_gro
group é%mpou%gnggging agsﬂgleton represented by the following

25 formula (1).

W b

(1)



or a Secondary amino group or tertiary amino group having a substituent. Examples of the
_substituent of the amino group include alkyl group having 1 to 6 carbon atoms, haloalkyl group
having 1 to 6 carbon atoms, alkoxy group 30 having 1 to 6 carbon atoms, cycloalkyl group
having 3 to 7 carbon atoms, aryl group having 6 to 14 carbon atoms and heteroaryl group
having 4 to 14 carbon atoms. Preferred examples of the aminp group include amino group,
methylamino group, dimétRyER5in83rPE, BthAfno Jroud? diéihgdnirr & 76,2
phenylamino groghianerdipbemdaminggwups t i tuexamplepitheg aboya heteroguaicgroup
having a ring member nitrqgen ajo anci bonded to the henzene ring to which the heterocyclic
group bonds via ﬁ?é-*ﬁiﬁ%rgé%%t% %’818 e H Qiratic e Ot RSP0 p s SHER LA ErphohAS
group, piperidinoggroup, phedbaibidydrotpopipesazinogralpankN-metbytpieeipzingrgrotpi o
and aromatic heterocyclic gro such as indolinyl group. . referred examples of the
above alkylcgarbc%’/?g ouab l#iec uecﬁogge"fgl]t dgl'%ap%lﬁauﬁhylééfb)onlg g%(?upe)ale argg’éﬁ‘grred
examples of the sibdfealkosptarbonykgreupsidadentethoxd/Rtbdsylgroypanden atom,
ethoxycarbonyl . les of the halogen atom-ar qrine atom, chlorine atgm
bromine atom ag{de i%%ﬁ’]x éLto .1 he%b%& ggﬁ%dr%%%%g&;aéf éﬁpa’ralﬁ%cgrgﬁ%q{y'l
having 7 to 11 caibonratomisi Pryfaretipxamplenod tmpralkgtgoogwchide deary devpng

phenylethyl group, Pbﬁ@yméﬂ@éﬁrﬂ‘i%ﬁi@{'%w@ﬂa %ﬁ%@t@xl%@y&%@n@l@gg

above aralkoxy group iS preferably an aralkoxy group having 7 to 11 carbon atoms. Preferr

examples 6P the BPaekyyrblip iRefEEBErZYbRySgreup edAaphisy Fiehoky gRIgn Fiem,
above aryloxy groppris PEf@b!lY AR EPHORY-SIRYUP 22 PAYDIE 10,12 Cﬁmﬁ%@rﬁ_ﬁwed
e

examples of the aryloxy group include phenyloxy group and naphthyloxy group”.

above aryl grouFEPteferabRaFaRPEIih FEARHE 6 18 MO PBR A0S, FrsteRed RAARTRES
of the aryl groupainehdglesphenyl areppsdy)apihyhaaypanshg naphig 810 uR-38:088 9ry1

seven hydrogen atoms, particuI%rtI}/ géeferably one to four_hydrogen atoms of the benzene or
0

naphthalene rin§5PERehSF the ARk R & T6aB A GBSt
group mayL be subsfitiédiky thetahinmedartrexdgyous:datasarous:diatiqalkyligroupseyaialkyl
group, 18 alko roup, amino group, heterocyclic group, cya roup, nitro group, formyl
group, hydroxyc)éa}/ﬁ)qo%?/ﬁlgc%uﬁra ﬁéadrzﬁ’ocr?y?%rgcﬁbc‘f %ES%%%%%% r(glj:po P haTSYEN AT P 1
"a" is an integeraf ftb£rdnd rddieates ¥hd nonterBohRS'snyVize r Ialyisidiive R 3 $ taaydsen
the same or diffey, "b" ] | er.of nd indicates the number.of R4's. When "b".is
an integer of 2 t%%}é pﬁﬁ]gl%% éﬁg%s&r%ag%%%%ens%%g o%ldﬂ?eﬁéﬁt. alrﬁgulgr ? p?%?gbﬁg,lﬁ3
has a stereoscopigbfiy 20y%riadlcsgbsipdpensd s vigh fduingispeeddas ciitaned: yiameefnroup,

particularly preferred R34s & hydregen.atom (ayis O} 4, JM6aawhlle R4 ispreferablya

hydrogen atom ("b" is 0); haloalkyl group or cyano‘grotip as a high fading speed’is 15
obtained, partic@&ly bFFERMINY & HERYFEN ADROANTFSTBRTEHY | GFEUP or BfdimugduptRa is

preferably bondgetiq el 1 L-pesiion sashan.atprgie.aptaii-aigherfadingspsed. When
a plurality of R3's andﬁglﬁ:L Iugralit%ilo; R4's are 2(%0 g%isten?t, preferred R_B?:s ?nd 4's are the same
as those enumerated alRVRORREYand-RE>05 §RB ReBrEE8dd PR dé et g pML C

represented 25 by #ag fdlavding derniuland 3paipvh sepiesantedbydhedellewingdarauke (Dne
aryl group, heteroaryl rou%(ar alky!é%réoup. --EC=7.7CH*R9(3) (4) 19 In the above
S

(3) (
formula (3%,5R9 R r63151 BIBUETEXAAPREDAIREARA TGRoup are the same

as t_hose enumerated forRPrand, R4t hbehetarenry| grawmisipraferably aphge&mﬁgmup
having 4 to 12 carban a ms.tfigigel[lred .examples_of the hetg:ggglgggro;g}fmclude thierryl

fe iyl ot aHa e

group, furyl grOL?FP, ply?ro ylagrroup, pyrla%/Yblrlc%& I,I))éjnlz%[ﬂﬁgn{/nio
benzopyrrolyl gioup. sha byedrog encatpanatkybdrotipeordadegert atonvent ion dispersed
therein as a constituent member. In the fourth place, the

30 . present invention is an optical article having an optical
substrate all or part of at least one surface of which is

coated with a polymer film containing the chromene compound

of the present invention dispersed therxrein as a constituent

member.



10 Preferred examples of the alkyl group include methyl group, ethyl group and propyl group.
“Examples of the halogen atom are fluorine atom, chlorine atom, bromine atom and iodine
atom. "m" is an integer of 1 to 3. From the viewpoint of the 15 acquisition of the raw material,
"m" is preferably 1. Preferred examples of the group represented by the above formula
(3) include phenyl-ethylenyl group, (4-(N,N-dimethylamino)phenyl)-ethenyl group,
24'morﬁhonnﬁphenyl)heﬁ‘ﬁ%ll h.El‘S@Hinl'g@ ﬂﬁ@@@?‘ﬂiﬂ@ﬂ}@{hlyih?tﬁ%nﬂ ﬁ@h@th Ihlol cr?rrllpcr)]undl
4-methoxyphenyl)-ethenyl group, (2-:methoxyphenyl)-ethenyl group, phenyl-l-methyletheny
group, (4-metho ﬁ%ﬁ‘eﬁﬁ& -E%rﬂe I&H@n)ﬁ%é&},aph% I-Wﬁﬁi’flﬁe | GRUPL B8R
(4-(N,N,-dimethyhameipiferam )-1-fluoroethenyl group, 2-thienyl-ethenyl group,
2-furyl-ethenyl group, 2-(N-methyl)pyrrolinyl-ethenyl group, 2-benzothienyl-ethenyl group,
2-benzofuranyl-ethenyl group and 2-(N-methyl)indolyl-ethenyl group. 30In the above formula
(4), RIl is as aryBH@h pMO Dt @R NI ARESNING SO eTsb ot NivamNESa groups are the same
as R9. "n" is an integer qf 1eto g.rggrpem éhe C\)/Iirg%cl){at 81:;_tq:ehfeas gggggi@gvcg r}F? [aw . .n
material, "n" is preferablyli. 5 Breferred examples o i group represen edOBy e
above formula (4yideludé Hhengralpyingbdioup - -gXy dhdstethgianiieo Y plherad ¢ nathgnity
group, (4-morphpljgopenyl) -etiyayh dropp, 544 -plperidinop eB)QQI%UUHY' 95QURy (e oy
-methoxyphenyl ) - et hynyl group, (4 -methylphenyl') -ethynyl group, ( 2 -methoxyphenyl) -
ethynyl group, 2thflenghrenens/| grugLEndsyhagibpayiagroup, 2- '
(N-methyljpyrrolinylefayy! 9rogn A0ra- iRepzoduenyl eyl aroppc2akenz,af wigoylelynyl
group and 2- (N-methyl) indolyl-ethynyl group, Xamples of the aryl group, heteroaryl
group and alkyl §kRAFlepresEhiy RCSid Rt R Pt OBS s RAtMERSted VR BT
R4 and R9. 15R&raNeREIMaY orBnas balipiaticahytigcaton: tiag-togatber vdihthe caoR he

atom to which BY and BY bond. Preferred examples of the aliphatic hydrocarbon ring
include adamanfHERE D IyBBRBAG R ik eBHss flhe M aid AldraRedfiE boR Gt therk
chromene compsunstaidhg ahsverdoshula f2ltorexhibit exceledtidwiechionie preperigsng

(double peak characteristic.and fading speed) , at least one, preferably hoth of the above Rs
and RE areprofSH AR OIRTbe P TRBr TG B et S8 1o PRGN Botn
25 of R5 and B¥spespériicutaurlysirifarahly dmy-onelod the goeupsi@ey) ten@iox (v} posdylion

group or hetero%rgjrgg)upar%/in&?r_l allf%l graup or g!{(ox groun as a scubsgtuent; (v) an
aryl group or heteroary?group aving an &mitio groupq;% 4s 8 substituent: (v‘:i’) an aryl group

or heteroaryl grewp. finving enttetdruoyslic gkotipiltadng asittegeredtofiras atie grember
het t g ¢ ' it .
etero atom a”%BBB‘i)%q: gAY Q1P é){»&%ef%ﬂéfi%%'%% ! r%ﬁgﬁ%ﬁ%‘thlo

substituent; or 21 (vii) an aryl group or heteroaryl grodp having; as su
condensedheteFseyitic drodpaHicH g actdioepelicyolpas ivd bbave (Vipepndanydd-With

an aromatic hycteeRIIONINGOF YRS BRISOGYElEIng 2oolibayeh, ihe Bpgitionw andotal

number of substituents substituting the ‘aryl groups in {iv) to (vii) are not particularly limited, to
exhibit excellenfpFBBERDHTC Présertibeaited e 2 GRAPLB eI §RRPBL H position
of the substituegids S-pesit®) 0hdQ doeesitiomiansihe numbenglosrbstituants inibiscase is
preferably 1. Preferred examples of the aryl group include 4-methylphenyl group,
4-methoxyphenyPgroapus 29 HReR Sy Bhe AP O bSO RBRY SRy bRENYr §REHE 1on of the
4-(N,N-dimethylegitae) pheaylgroup, 15 ¢-BeNsdinthdaniasnheayl o ups
4-(N,N-diphenylami henyl group, 4-morpholinopheny| group, 4-piperidinophenyl group,
NN dimety TR RIS L 7 DBt BRI ESForodb. 0Ahaugh
the positions angktetat hpnrilet dissehbhititeenisrsubgtititingrihefheler eagyl Dfaups:itn(Bg 10 {vig

are not particularIM IirPit%d thg number of the substituents is preferably 1. Preferred examples
STitU . )
of the heteroarysl; group incride 4-methoxythienyl group,

30 <R' and R®>
R' and R? are any one of the combinations (i), (ii) and
(iii) as described above.
When R! and R? are the combination (i), there is obtained

the chromene compound of the present invention which is



25 4-(N,N-dimethylamino)thienyl group, 4-methylfuryl group, 4-(N,N-diethylamino)furyl group,
_4-(N,N-diphenylamino)thienyl group, 4-morpholinopyrrolinyl group, 6-piperidinobenzothienyl
group and 6-(N,N-dimethylamino)benzofuranyl group. 30 <R7 and R8> R7 and R8 are
each independently a hydrogen atom, hydroxyl group, alkyl group, haloalkyl group, cycloalkyl
group, alkoxy group, alkoxyalkyl group, formyl group, 22 hydroxycarbonyl group,
alkylcarbony! grejssedkaxysarbpivb 50 Ralogen atam, asaliybarDLi, aralkody G peak
aryloxy group or aryl group. Examples of the aboye alkyl group, haloalkyl group, 5 cycloalkyl
group, alkoxy grSB‘g‘,r%Eﬁggﬁo%WFgﬁﬂﬂ, O by &&%I&&&Fgﬁ)r&,%ﬁﬁp‘group,
aralkoxy group, atylegagroon ahdeard grbip pees thei sameaqsdhosaenumerated for R&andt
R4. Preferred examples_of the above _alkoxyalkyl gr. 10 include meth ethyl group, .
methoxyethyl grods ReTHEay s DS BTy b A B b Rr TS ap ™
n-propoxypBopykgrowpll aR7aaridiBB niaylforg apakghatic ring having 3 to 20 ring member
carbon atoms, condens oly=ring having an argmatic 15.ring_qQr.aromatic.hetero ring .
condensed to the alipha%t%%ﬂg,ﬂhe er%(g n% ﬁg\%ng etocfdnﬁr%éq #elrﬁger%i%%’s,%ﬁggr%énssed
poly-ring havingcirtaronedit e gbrarvenatic traperonihg Edrive psestonthd hetens fiog,which
together with the 13:pasition. carbey atorp Ig yihigh, RAand R bond. 20Examples; of 198,11

above aliphatic ring include cyclopeéntane ring, cyclohexane ring, cyclooctane ring,

cycloheptane rirREHeriserAAE FRglBlejelorbAafbrial bhitatiandniang ring-t1le fmitial
condensegl polyinghavingANRIeMAICRg 95 23 @ emalig heteroding candensedtodhs 4«

aliphatic ring is, for example, a phenanthrene ring. Examples of the abové hetero ring
include thiopherfe BfGFarafVitiEaAG pyliamesing. Examples of the above condensed

poly-ring having an 30 aromgtie Aing/akaraMatie heteredina sendpnsadta dhe aboyve heters-o
ring include phenylfuran ring and biphenylthiophene ring. <particularly preferred R7 and R8>

23 In the preseMt TiRERGONE ProreREaREBERAROIIR7 SRS HESSRAR hjieRyLon
group, alkyl growh 0&Rlkoxy gsaun @i far @ risctogethel withhae 13:pasitienearnaratoin
bonded thereto. An example of the alkyl group is.methyl.5 group and an example of the alkoxy
aroup s MSnORRIBNE, B8 AR AT EGIOPLLR B ShenHORR oh e SRR sh e
fading speed whiteiretiaihingdligkraioibie deak chatdcterstit; substituefits héRr@ritkddBism.
preferably form a ring together with the 13 -pasit ion carbon.atom bonded theretp. 10, More
preferably, they form thoeﬂglb%%% g&)ﬁw‘ﬁig ﬁﬁﬂ%%rrl?l?elggﬁd r%%éd %Jrﬁri—:rl\ré% \J/Tﬁgjj%’n aro“r’rllqlziﬁ:ch
ring or aromaticiferewingtcondentsedandiad dbwvehali ghatesirigl Foncdeoseveioint off the

increasing the fading speed, Rartisulaly prefesably, they f&?g“éhﬁﬁipgﬁﬁg abﬁti%%%%”ko

the 15 viewpoint 0f reducing initial coloration by thermochromism. T iphatic ring

formed by2R7 af8 R isunsddilany pratbribl@hebnaibstigtderalihast hlefcdarbaienag or

an aliphatic hydgeeaFben dpg favingHe! Isas-ane sihstituent selecied-rom HR0"g¥Bup
consisting of alkyl group, haloalkyl 20 group, cycloallgél roup, alkoxy group, amino group,

aralkyl group, aRPaFdT and 1fobBA atoFt ®Ramp e 119X ¥dUp SrMeERGHEBUph 1o
cycloalkyl groupyadkaxy BOUBa NG HHQYIRyAFalkY! BkRuDoANH S1uR aNdARIRge R AP 1L

the same as those enumerated for R3 and R4. 25More preferred examples include

mono-rings such S I XERE FHY*EYd683an8FAYRind cycloheptane ring, bicyclo rings
such as npgbornane ringaaddlneyalononaie HAG, Gieyelp ringpitecheas pdgmantanedxneg Hang
rings obtained by substjtuting any one of these rings by at least gne lower 30 ag;il ro
having 4 or lesSEARBIPREMESdch AR RoRL of RESE TG FFAEIBALEE £ 7o
particularly excelldnt effectirgacine diawpoii ofsedydng itiaeslgyatienibylibRtoghroapsm
while retaining hi ou eak characteristic an igh fading speed. 24 In the
hil "EJHQE#E bk%glck hou 156 rod hﬂgé dféh qbu 1 hloh roup
present invention, oSt pre erre(?fyplga'l exarﬁpleg% Ewem o-Il gf%rmea}f)y ondiﬂg !
together R7 aneé ®8-aretrepdsentan-bythe foflowidgtophtitase Igthmidpllowing formulas, the
carbon ati?{)n denoted b*ﬂ‘g 'gkt)%%é %%E%ﬂ&%ﬂﬁ%%‘iagor&roup is preferably an
alkylthio group having 1 to 6 carbon atoms and substituted
by an alkoxy group having 1 to 3 carbon atoms. Preferred

examples of the alkoxyalkylthio group include
methoxymethylthio group, methoxyethylthio group, methoxy



Out of the above mono-rings, a cyclooctane ring and a 3,3,5,5-tetramethylcyclohexane ring
~are most preferred. <particularly preferred chromene compound> 100ut of the chromene
compounds of the present invention, a chromene compound of the above formula (1) in which
RI and R2 are the combination (i), that is, both Ri and are each independently a group
selected from thiol group, alkylthio group, alkoxyalkylthio group, haloalkylthio group, 15
cycloalkylthio grauprapyifiergieug eaddieterendifo gravpris pawticulgiy-peeferred from the
viewpoint of high double peak characteristic and high color optical density. For the same
reason. chromeRs AT e Rs SRR BIRTHEFEHRIREY S S (S5FERs0
particularly 20 preferredThe #batis, AshverDrpe €opasshiepieseted dyibe Johownlky 1
formula (5) is preferred. (5).(R3)a R1 n the above formula, R2, R4, R5, R6, R7, RS, "a"
BB bR (5 R A RB S o B B oh oA

n n Ou . u
and "b" are as detined inthe apove formuia € same as 0

in the above foramudan(l )qiatSimettzolograup  atkopthicegadum alk@uaflodthesigectimples of
haloalkylthio gr lkylthio. group. arylthio grqup.or heteroarylthio group, and R25 is an
clectron donor qrac A L e EF R R BT S
defined as R1 of ¢eredmbipatiet (il inkthe apoverd Ofeiiga ¢ile t hy Atdhtomgnewompound
represented by the following, f () I fer ' e a, R2, R4,
R5, R6, R7, RS?}%%\%%@%HQS %%e%%ﬁgnp%%&a?c?\%m@%%%%m% Ié?ﬁglf&#e' same as
Rlof the combination (ii)iR¢héhpyee frmita LRy iHati® tePYRUDS alkyRERIHFBULY, &
alkoxyalkylghio group-RalReHYIthia GruRpCHaloalkyIthia greupayiRio e or Beteraarylthio

group, and R16 is an 20 electron donor group having a Hammett constant ap of -0.50 to -0.01

out of the groupR%FETiREE 28 RE B (RECHRTIKXHSES iR REG RIS R ¥ ¢iprroRal Rylo
Rs, Rs, R7, Re,gaoapd "byintbgabpyerounyasuid) asgdbhaenas defined intbenhove

formula (2). As a matter of course, preferred examples of these groups are the same as those
enumerated in tFEEENEFEHTAL2FERPin the above formula (5) and 121 in the above

formula (6) are each ingepenrdaniy atal ghiaep tedihia graspe alexyaly lhio HrQurhio
haloalkylthio group, cycloalkylthio group, arylthio group or heteroarylthio group. Examples of
these 01obFs nE i ba TE e (o e AF I (R EBBoe TEFAATR ABRcAmGP s of
substituent. As aheatterdoft-toursgr prajeireclexianplesof théde aye thp samemaptidsel thio

enumerated for th% SbO\ée éu qrﬁcoq%%iﬂin&%%%stit%eg& R15 in the above formula (5) and
Fe6 in the abov%%orrﬁulan( ) are SlRCtroR donor grou

ps%'aving a Hammett constant ap 15 of
-0.50 to -0.01 out of theTreupdbdefindd:bs Riaf He bdmbigratiop (dipirpthefxbovie fgrraula (1)

and out of the %%%%%:Sﬁf%?gﬂﬁg?%%ﬁﬁ fawbipaton §ii) in e ghave Jamula e ferreq

respectively. WhenbothR nd R16 are'the above electron donor groups, an excellent effect
is obtaine?l 20 FHaMHEMetfcortniehas dRiiled baSe@vaUke Hivdinés doubsinl Hydrio

quantifies the elgcligeffect of agupstituantRonded-1,a1 {talgeir (?n’nggq_,g}% ?@iﬁgf
the dissociation conLng)ant Kafgf p- substituteg be%%%ic ac%j. A sub(s?“:tfi}truent having a Hammett

constant up of K HRydRFRAUMSHCDE B 1P thE S formaRiEByRheR f6 e RRe

formula (6) are particsiriyrerelerablyelestrpdonor groups having a up of -0.50 to -0.01.
When the chromene compound has an electron donor group which satisfies this range, its

double peak characteriSHtecarPhBMENSHET TR iftigms . particularly preferably

25 omne to four hydrogen atoms of each of the above arylthio group
and the above hetercarylthio group may be substituted by an
alkyl group having 1 to 6 carbon atoms, an alkoxy group having
1 to 6 carbon atoms, a cycloalkyl group having 3 to 8 carbon
atoms, or a halogen atom.

30 As the above sulfur-containing substituent, an
alkylthio group having 1 to 6 carbon atoms, an alkylthio group
having 1 to 6 carbon atoms and substituted by an alkoxy group
having 1 to 3 carbon atoms, or a cycloalkylthio group having

3 to 8 carbon atoms is preferred from the viewpoints of



30 coloration is suppressed. Examples of the electron donor group having a up of -0.50 to
-0.01 and represented by R15 include aliphatic heterocyclic groups having a ring member

" nitrogen atom and bonded to the benzene ring to which the aliphatic 27 heterocyclic group
bonds via the nitrogen atom such as morpholino group.@p = -0.50), alkoxy groups such as
methoxy group (ap. -0.28), ethoxy%roup (ap. -0.21) andpropoxygroup (up = -0.26), alkyl
groups such as AREFRAIFINT (FLDE1PP IR §180E Ly =3B IS oB§EFoup (up =
-0.12), and cyclealky! greuns: sch-as AYCIPReX DRUR (DT 291801 or & Bmaples,of the
electron donor group having a ap of -0.50 to -0.01 and represented b¥tR16 include

heterocyclic groBP§ havg g e ABEPRRIOHER &Bfh &5dboRREToMAR L EBHAR Fermds
to which the heteratyelieig@ind ansis e He-BiEDGaN atenr-sueh-as Morahelne- gy pdapup
-0.50), alkaxy groups such as methoxy group (op = -0.28), ethoxy. group_(up = -0.21) and ,
propoxy group (&}6&5632%),%Qa@ﬁ%#%%%%%rﬁﬁ?sﬁgﬁ ﬁg%l%i}?}egﬁﬁgnﬁﬁﬁ’b‘ﬁeﬁﬁ‘@w@p
(ap = -0.22) and31% p-dietbylelanopluvems gieumpA=i-©ud2)r aikopyRpiTet g upsoschias
p-methoxyphenyl.group (up. = -0.04) and o,p-dimethaxyphenyl,group (up =,-0.08), aryl groups
such as phenyl é’rlou‘ﬁpg’){:“%o?o ) 1-rr11§ﬁﬁetﬁgll§lr%ug?%g£ F g:aahEd é—‘?%%ﬁﬁ%/l %?ﬁjﬁag}f?’ie
-0.02), p-nitrogepestbnebamtadatieg 26 thisteioryudic aiyligianps shalrasquirjlyolnehenyked
group (up = -0. | gro methyl.qroup (up=-0.1 thyl group (up,= - .
and propyl group Sp {5_&%’&1%955% %}%?%é?&lﬁ %r%)qﬁsg %‘é%ﬁma?sg ?9’35%%@%%’?8[18 ’(u%té’l 2%1.%[?)%0
Out of thek®, gremestnading acys oPIE3E 1¢-10.02 arees more preferred, groups having a ap
of -0.50 to -0.10 are mughpare prefesied. And,ofpins avMAg 8 AP §%§a%? il e o 6

particularly preferred because balance between initial coloration an e peak

characteristic b&GgRes xESMEMtl PRFalsA prefEhel skenipleypiahafonp ihtioteamag

30 groups such@asdnel 19Xy 9reRand SROYGURnaNd AIRNAIC heleicyelicarayps having
a ring member nitrogen atom and bonded to the benzene nng to_whlch the aliphatic

heterocyclic grotP& HBAaRFLTHeSHitrogBHEBRAF suBnBRLSR R otEFENMAE BRVe to

point of view. 28 carBadicidamsprefered examplas,obkerehrpgiene nerPAKbNfheat1y,
present invention are_a'%{en below. CH3 fl 31/4# CH3 QOH3 CH3 411 H3CS 00 H3 OCH3

H3C C H3 .40 CHETHA BT ABG13t0 CHE HEECYR Ch3 BRERISUHTE 1l BERferred.

In the above combination (ii), R? is a hydrogen atom,

hydroxyl group, alkyl group, haloalkyl group, cycloalkyl

group, alkoxy group, amino group, heterocyclic group having
20 a ring member nitrogen atom and bonded to the benzene ring

to which the heterocyclic group bonds via the nitrogen atom,

¢yvano group, nitro group, formyl group, hydroxycarbonyl

group, alkylcarbonyl group, alkoxycarbonyl group, halogen

atom, aralkyl group, aralkoxy group, aryloxXy group or aryl
25 group.

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

30 group, pentyl group and hexyl group.

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

haloalkyl group include trifluoromethyl group,



OCH3 29 OCRs OCH3 OCHS3 (identification of chromene compound) The chromene
compound of the present invention is 5 generally existent as an achromatic, light yellow or
“light green solid or viscous liquid at normal temperature and normal pressure and can be
confirmed by the following means (1) to (3). (1) When i proton nuclear magnetic resonance

spectrum 10 (114-N]|\%I?t) of the chromene compound is measured, peaks based on an
aromatic proton ZREZEHCAREEEBISEh AP at SIoFSFGMFF 504U 0HF 8'Epm Andipkake Bel¥d

on the protons of 2ok giouR-andmeralkilege gigup appear at 8 of around 1.0 to 4.0 ppm.
By comparing these 15spectral intensities relatively, the number of the protons of bonds_can

be known. (2) The compoRiGPEYE CofespRAtinG Frotidet tarPde GEkrine & byreidmRhtar
analysis. (3) Whenpthe A3Cimdclear snagnetid sesananee. Speciafa 2 E3ExNMR)« 1B the
chromene %ompoun? is Eﬁ(eafured, a %ea b%sed onéthe carbgn of an aromiﬁécgégrﬁ:arbon
group 30 appears at Bt arouid 110 15 Te0Pp pedks BREed TR carfors ot alkeRE AN
alkine appear atdyofiamemtch80 torbApppmd angpbakebpsedoothe carbons of an alkyl
group and an alkylene grou ear at 5 of around 20 5to 80 ppm. <production.of chromene
compound> The p?fo%ﬁ%f%rg %?ogés%%%hgrcﬂlrlgm:éﬁepcromgguah Sf the ﬁr%]égrﬁnggr?ﬁg’n
is not particularldimitesl, late dnypdOisynthesivprocess fiuyiadcrrpliopsd: sThé dheméoxy

compound represEOlec f e A0S AR50 BE ALOANAUSIDIRAYEED, Yroup,

example, by the following process. s, the'chrome mpound
advantagéduslyistoRteEPEyY r iy -a RaphthoKebrapouRl rafesdmbaRy tHsdgolowing
formula (7) with a.Rroparayl 0551959 npound represented by the following formula (8) in the
presence of an acid catalyst. R7°(7) OH  (wherein R1, R2, R3, R4, R7, R8, "a" and "b" are
as defined 20 in the aboT%eroﬁJﬁerée(zalwymmﬁemR%rﬂj REHPEHE RINABR iFHRIP

above formula (3} 1 The seaetionrainoitheypanhthel-cempeyneyo Hﬁ%ﬂ@ﬂﬁfﬁlﬁ"}ﬁ\@ingy

compound is selected from a wide range, generally 1:10 to 10:1 (molar ratio) . As the acid

catalyst is used 253Nt FRR benZAFREGTC QEid-BaofiEhesifiGRaerf the amino

15 group include alkyl group having 1 to é carbon atoms,
haloalkyl group having 1 to 6 carbon atoms, alkoxy group
having 1 to 6 carbon atoms, c¢ycloalkyl group having 3 to 7
carbon atoms, aryl group having 6 to 14 carbon atoms and
hetercaryl group having 4 to 14 carbon atoms. Preferred

20 examples of the amino group include amino group, methylamino
group, dimethylamino group, ethylamino group, diethylamino
group, phenylamino group and diphenylamino group.

Preferred examples of the above heterocyclic group
having a ring member nitrogen atom and bonded to the benzene

25 ring to which the heterocyclic group bonds via the nitrogen
atom include aliphatic heterocyclic groups such as
morpholino group, piperidino group, pyrrolidinyl group,
piperazino group and N-methylpiperazino group, and aromatic
heterocyclic groups such as indolinyl group.

30 Preferred examples of the above alkylcarbonyl group
include acetyl group and ethylcarbonyl group.

Preferred examples of the above alkoxycarbonyl group
include methoxycarbonyl group and ethoxycarbonyl group.

Examples of the halogen atom are fluorine atom,



31 or acid alumina. The acid catalyst is used in an amount of 0.1 to 10 parts by weight based
~on 100 parts by weight of the total of the naphthol compound and the propargyl alcohol
compound. The reaction temperature is preferably 0 to 200C, 5 and an aprotic organic solvent
such as N-methylpyrrolidone, dimethyl formamide, tetrahydrofuran, benzene or toluene is
preferably used as the solvent. The method of purifying the product obtained through the
above reaction ismbbpatieutarbrdimitachdriaiexaopte ha obtainee psadiet may 10 be
purified by carrying out sjlica gel column purification and further recrystallization. The
naphthol compound rep %:??88‘6‘3 fHe a0y %rr%ul.ﬁ’aJﬁ)Qf S o%?&gufgsaglnao{flgll&%%p%ﬁﬁ}:}p
by the present ilsentog. h the fotmuar{Barihe dedinitionBed felfed RZ b 1R E RE, théa"

and "b" are the same.as-in the above f rm&éal()%)nTh?Lrefore it Shol%“ednb

ard 1, gro Acll 3 [b} ?L%Ege?t%q}jo@at the
above explanation o ]tﬂ/e fotmula (2]) IS directly appﬁ?@d © these gPoupsyan pXr S. Hh the
present invEntiophprefdpedrxanplesipf, thplRonyadhthollcoymeoun caredrosaridh pyties hy 1
formula (7) are t&géﬁrnging compounds. SCH3 OCH3 Ordinary naphthol compounds
can be synthesized in accordance with reaction methods described in, for example, research
papers such as Journal BROrg§aeeeC Raraibirg a6 YU 0V 8Ps3 293 Dooab Syneetig ra lkoxy

Communicationg 23(FhZaln¢240 (1993) apd WON1IB08RL. (Precess pLslizng o of

naphthol compound) Although the process of sgnthesizing the naphthol 10 compound
represented by fHECalFGREPRYI BT noPsAHER aRG RANEEXH cARDEsyHResized as

follows, fof 33 exasmRIBARernzere coppaynd represented by the following formula (9) may
be purchased as a commercially available  product or may be synthesized based on the

following 5 documents. {R8)ZROY FoATRICIY FOURIS PHR LR a8 e #Th I 465Ve I61HRa
(2).) For examplesbenzere compoundsrepiesediag by he- f o folowirgfonpias (Pa} nad

og) o P8 PUESh SR S Aoy TR AR T Grels ad Raphhy TRy Grodp
The above aryl group is preferably an aryl group having

15 6 to 14 carbon atoms. Preferred examples of the aryl group
include phenyl group, l-naphthyl group and 2-naphthyl group.
These aralkyl group, aralkoxy group, aryloxy group and

aryl group may be obtained by substituting 1 to 7 hydrogen
atoms, particularly preferably 1 to 4 hydrogen atoms of a

20 benzene ring or a naphthalene ring by the above hydroxyl group,

alkyl group, halcalkyl group, cycloalkyl group, alkoxy group,
amino group, heterocyclic group, cyano group, nitro group,
formyl group, hydroxycarbonyl group, alkylcarbonyl group,

alkoxycarbonyl group or halogen atom.

25 When R? is a hydroxyl group, alkyl group, cycloalkyl
group, alkoxy group, amino group, heterocyclic group having

a ring member nitrogen atom and bonded to the benzene ring

to which the heterocyclic group bonds via the nitrogen atom,
aralkyl group, aralkoxy group, aryloxy group or aryl group,

30 the double peak characteristic becomes higher than when R?
is a group other than these. Out of these, R? is preferably

a hydroxyl group, alkoxy group, aminb group, heterocyclic
group having a ring member nitrogen atom and bonded to a

benzene ring bonded thereto via the nitrogen atom or aryloxy



For example, a benzene compound represented by the following formula (11) can be
synthesized in accordance with a reaction method described in research papers such as
150rganometallics. 8. (5). 1303-1308; 1989. SCH3 SCH3 A compound represented by
the following formula (12) is obtained by reacting the co pound (9) with acid chloride (R4 and
"b" are as defined in the above formula (2)). 34 o determine the positions of
substituents of Rfrang Rerinrheobtainedpaphthel egmpaund £ theyfaimul & )pealrenzene

compound of the formula (9) prepared by adjusting 5 the types and degrees of electron
donating abity STEAE ST RRLG Y (COraRraiRy A6t A BpET FATasEa
naphthol compoimnd i shickol2kand 22 bre ihessaneriaoironieonos gsewes gar examale, a
the same sulfur-cpntaining substituents) , the benzene compound of the 10 formula (11) is
preferably used.gﬁog:ro S%?F?eeé}?eg % n%ép%%%l co%n%pc:}usn(P %rv%ﬁi%ﬁ P}Lsya gﬁgsjltl: l]fé%} avallﬁlg
higher electfon ddrikatixg atlityphan Rize treerbeyzehieccgmpogn chevtiredormulin@ Omeisber
preferably used. esi l,.comp in whigk Li ituent
having lower ele%%%%% o%%ti%)g% il?%é %h?l)rllz) %Pé]%goc%?%% l%l%%?gse%‘ﬁ b%?ﬁé??o%}rjrrﬁ aé ](f%)(jls
first produced by usifigiehadenears edmpountar ehecasuveifoarhiia. (10a) s Deert; ietHaarly

subsequent step, after therpductipn afhe compaund ot e damula (18- ghlorine atom
should 20 be converted into ‘desired R2 by uSing a Suchwald-Hartwig cross-coupling reaction.

A compound representdBURERRSTolldRingBrRbRVE 3995ebRatd@®By thiring &t the Stobbe
reaction apg cyclizationLeastiomoiihe aboyva PrRuNd (ko). g%%utxﬁb%gqm&@mg}q gfﬂe%,
e

formula (13), Ris a irou derived from a diester compound used in the Stobbe reaction.
compound (13) &th ﬂ%ﬁﬂl@yﬂé@lﬂ? usfYATHIKIR SFECI B ORaFEPER boRHiFRGE 1 C

represented by therfolewinend forgwiablha P9Hd Re4) £1AOhbiibdr Rh ThisserrRoxisnaGigl és
benzylated by using a base such as potassium carbonate and benzyl chlgride and then
hydrolyzed by U8 akali bP G ci b EiIn - Hen &P prote el ddirh Ry d fepresented
by the followingHetratadia)l i Rirbuphiehaszyiipraireted caddpxilis oeid, icoameidedinio
an amine g a nﬂgt Og SUJ?Q@S Cl%rtiu% r arr%%%emegt, ﬁlgémaggrr arrangement or Lossen
rearrangenient, and & dazontum S§I¥|§’pre%arecpﬁon% & Amine TRIsXaZorium ‘salt is
converted into abioyiide tiroogh sgSangmeygdikeagtaxrbothel il eund 1 hthbogisainedon ,
bromide is reacted with nagnesium rIitﬂi{uma;o repare an qr aTic metal reagent_ Thi
) a . . . 1
organic metal reagent s rs%te(}%J Wltéﬁa‘(etgﬁ{ re%rresgntga ba)'/%ge?(}){ﬁ’o lﬁaﬁ%?mu axargy at
-10 to 70C in arPérgasicddlydny forakd rhimbteslisyil orsio otifsihaaddimpamelve prasknted
by the 20 followipgfasmulan@f)- $oup, aliphatic heterocyclic group having a
20 ring member nitrogen atom and bonded to the benzene ring to
which the aliphatic heterocyclic group bonds via the nitrogen
atom, alkylcafbonyl group, alkoxycarbonyl group, halogen
atom, aralkyl group, aralkoxy group and aryloxy group out
of these are the same as those enumerated for R? in the above
25 combination (ii).

When R' is a hydroxyl group, alkyl group, cycloalkyl
group, alkoxy group, amino group, aliphatic heterocyclic
group having a ring member nitrogen atom and bonded to the
benzene ring to which the aliphatic heterocyclic group bonds

30 wvia the nitrogen atom, aralkyl group, aralkoxy group or
aryloxy group, the double peak characteristic becomes higher
than when R! ig a group other than these. Out of these, Rr?
is preferably a hydroxyl group, alkoxy group, amino group,

heterocyclic group having a ring member nitrogen atom and



Rk/R8(16) (R7 and R8 are as defined in the above formula (2) .) The compound (17) is
reacted at 10 to 120C for 10 minutes to 2 hours under a neutral to acid condition to spironate
the alcohol so as to obtain a naphthol compound of the above 5 formula (7) of interest. In the
above reaction, the reaction ratio of the above organic;mgetal reagent to the ketone
represented by the above formula (16) is selected from among a wide range but preferably
selected from a remgedf £:d0ttbel hér{meter naiiny. Hbededctidretommperaturetibd Opreferably
-10 to 70C, and ap apratic ggg;\fgg{ ol uc di | ether. tetrahydrofuran, benzene or
toluene is prefer%gﬁ/ used as the sjvgrr%tg %efs]ﬁ&%ngégérz f tﬁ;pa clcr)%o% rrcw)é%te%l5'31]1(,'111rr§E era s
neutral to acid céatikion iPprfecibiraartietiol by wind) avbeld catslisaducteasisncetitt
acid, hydrochloric.agid, uilfuric acid;benzenesylianic addpoliengsuit paic.acid or acid
alumina. The acid catalyst%fjpreferably used in an amo%’lntD 01‘I£ 0.1 to 10 parts kglgweigh%gbaggd

on 100 paris by RESTdMD R A TRRrRREcRAL Fog fiisaprenuad roarsinde s idirakeamzene
tetrahydrofuran ;bgnzens QLIOMERSS Heed ooy NS Ergﬁ@'@ﬁfl BlGRBR! ORI, | £ rogen

represented by the above formula (8) can be synthesized by various methods. For example, it
can be easily syhtized by t€aBifigr4 Retoie! B7RBRTHe cOrfePRORBRIGI0IRE @B oS
formula (8) withigongtal acatylepasggmpound such as lithium acetylide. The chromene
compound of the present invention which is synthesized as described above dissolves well in
a 5 general-purpose organic solvent such as toluene, chloroform or tetrahydrofuran. When the
chromenercompatindfiepiaseniat-bywdic-abovetormala (1) is dissolved in this solvent, the
obtained solution is generally gll%l_(‘)st %chromatic and trans arz{;t nd has an excellent |
photochromic function t A5t e\e/ecfof)fso acofor ?\Wﬁt‘fi}l n% [5 & Fosﬂjrﬁidﬂ"’('ﬁntlon’
ultraviolet radiatonlanchrexersiblyoeturdsreptsemragina catly arhati€ sidtewivitlyela-hloTking off
the light. (combiiqgtigr%g\g@rq:réc&hgrspg%togg@giig csom#)og&c_brls thour?g t %a(l:fr mene_
compound of the present invention develops a cor of aneutral fint BLy itse! , iTmay bé used in
combination withasholthertpredshronnid c¢ompoder td. bitaim vangis feldisiequiveddsand
PhotochroyBic la. £ WA, LAIRAGUILL MBY Slaeskas e BholpaRiorls compound 20 to
be combined with. Examples gf the photoChromic compound include falgide, fulgimide,
spirooxazine and chrgrrexe. Qut of these, a chromene compound is particularly preferred
because it can keep@.€ol i Fnly at the time of color development and fading, can
suppress a coldRéJsi ‘ i Qf color development due to the deterioration of

gduce initial coloration. That is, by combining
invention with éjother chromene compound which
Rfy, a high fading speed and little initial coloration like
the above chromene go %photochromic composition which keeps a color uniformly at
the time of color developm d'fading and provides high transparency can be obtained. 38
To provide high transpafg:c:)é, tgetch{omege c[%m ound to be combined wit preferablé/ has a
transmittance by thermoc oS of not less tha 9% léﬂlaeéheaﬁgg}%ﬁgﬁ Mt ented
ultraviolet absokptionteuradat 88E cam30 am.FHurthiel 15 aechifementlssdnpound having a
transmittance by thermochromism of not less than 85 % and an absorption end of an
ultraviolet absorption curve at 380 to 420 nm is particularly preferred, and a chromene
compound having a @adsRittance by thermochromism of not less than 88 96 and an

absorptiopgend 10 of arkulgﬁggietaqpéoargt@él%\é%a{g%qj@ %ﬂg\;@@g%@%{;ﬁﬁrredwﬁg%

transmittance by thermochromism and the absorption end of the ultravio ion curve

are values med&ureBhRM@KEdS He seapdd rathedlidwing BXample& Thase brefohedsame
chromene compounrgdsrtaRe.gembined with 15 include chromene compounds represented by
the following formulas (18a) and (18b)

<R® and R*>

25 R® and R* are each independently a hydroxyl group, alkyl
group, haloalkyl group, cycloalkyl group, alkoxy group,
amino group, heterocyclic group having a ring member nitrogen

atom and bonded to the benzene ring to which the heterocyclic



In the above formula (18a) , R3, R4, Rs, Rs, 7 P and R8 20 are as defined in the above
formula (2) , and R17 is a hydrogen atom, hydroxyl group, alkyl group, haloalkyl group,
cycloalkyl group, alkoxy group, amino group, heterocyclic 39 group having a ring member
nitrogen atom and bonded to the benzene ring to whichthe heterocyclic group bonds via the
nitrogen atom, cyano group, nitro group, formyl group, hydroxycarbonyl group, alkylcarbonyl
group, alkoxycathomybSogmap, haogdreatdnracatky lgromp, ayalkexy goaup, arytoxy grooipmoy

aryl group. Spec%'fci)c exam Ireg of th%c romene com oEnd ocf)&he agg-\l@iocrm la (18a) are the
same as compounas Ehurerated ina pamgﬁﬁe%'of’ m{ermational’Laid- pen 160814 -

10In the above fatkokey@8hhoRB] rgrRéranti&Goagrerns taefined- ity lalgovefornata 1Roxy

and "o0" and "p" ar. chi in r.of 0 to 4. Specific examples of the
chromene comp%ﬁeﬁ%%f t#éggggg{gﬁgg% (égg)%%ﬁlgggr‘f%)'as compounds enumerated in
a pamphlet®f Internatiofifiel SibaideOpek W0 2009/p36866@ refeTalplyaiara pAdtyehionsivp
composition comgrsing the ehiprgne smpoiil of theresealinvention apdAneiEral
photochromic compourid, the ratio of these chromene compounds may be suitably determined
according to a d85PE® célr R MrdBide, IHOERoRE BY theddifee fe-curARYUn I&PHER -
present invention Ly r ghiomene co nelisupseferably 001 194 partsydngss 1
based on 100 parts by mass of the total of all the polymerizable monomers. Stated more -
specifically, in tHE-CXRy PSR HiIrHS0ER R cEARGHiIlFF@Pexample, 25 a thin film having

a thicknesgeof about 10@-p hiiBeLelan shawdberseniroleddyaising 100 001 & partsrbyp

mass of the chromene compound of the present invention and 0.001 to 5.0 parts hy mass of
another chromef& ERhund BSREUMIDOPE BB ATARSE bt - EGR¥ Frifrh W HHLTE AEO™.
polymerizable 3@nneramerswbithdqrovigenhacoatagfiimpircthecasa afeathickettired the
material (having a thickness of 1 mm or more, foy ex le) , the color should be controlled by
13 0,001 10 B PR T g St SH ek ot BT BB e S8t hvention and
0.001 to 0.5 part by naeShefrarsthericlyomene dRlcomperirichilasecbom 100 pantsdyoraks Of
the thick cyred mfato%rial orrlgll}gf gﬁ?o %I¥%1e£izagle monomers which provide the thick cured
material. 5 {stablizerfo be combined wit 3’ gAﬂH‘%Ugh the chromene compound of the
present invention has highed adabiliey cigdilisa s vlrabittyrc drsbefafirapdiyancet byashky 1
the following ultggviglet ahsqibens, pptigal siahilizerqsantioqdant As-the J0Hiavalels the
absorbent may be used known ultraviolet absorbents such as benzophenone-based
compounds, beRz&HiaAEYBFEaH HpelHds, eysreRFFBE CHRPHINES IHaPREDRSEPUD .,
compounds an%%wég@p%ggwo&q&scg;gg@,@%g%@tegg | compounds and

benzophenone-based 15 compounds are particularly preferred. en the above ultraviolet
stabilizer &%used in an dh6uf 0B 1O B AELHY M PEELGIFER 10Parts BPHaEroRe

total of all the pelyirasigablednoraPBENIRAIUIBY the cafeReae GOmpRINKEC IhepieseRbxy
invention, it produces an effect, Known 20 hindered amines may be used as the optical
stabilizer, and KABRFhHIEIRFHBRERFHEY BE UM £ THEXH0RHENt WREFTRRREbIvEP -
optical stabilizet angaspexganiarersach-iserbianmamapnt efdd:0blie ddypagisdupmansd
based on 100 pgrtstby mﬁss of the total of all the polymerizable monomers 25 including the
chromene compéauxhd 0 8Xp¥e§ernc¥1|l|?v'ention, they produce an effect. (use of chromene

compound® The chrom®he caposinenufrive present irae ntien B0pexiiisitsythensianee group,

photochromic praperties even, in a polymer saolid matrix. The,polymer salid matrix is not _ .
particularly Iimit((?:':cf'iph‘El thséetﬁw?gﬁaeﬁ C%J%%Hc?u c%l l}ﬁegpﬁeggrﬁ%\%ﬁ\fioanmclagob ﬁéﬁ?rrrr}ﬂf}vmg
dispersed therein. systitally peaferreEescammples of tha pelymersolid weatkix dfclgdee amino

thermoplastic a%gg%ﬁsii%ﬁ%nﬂljwfo%%éa}?asm}%pgly?gryéatgag}xfgy at?m%'o ]

polymethacryl yl polymethacrylate, polystyrene, polyacrylonitrile, polyvinyl alco

polyacrylamidehgdigelydroSempiniaiaaglake s G folydirlediy|sifoxtfe antlkoxy group
polycarbopptesy, 5+ 1 Jhefmoselingresins abigied egwmg%i”%éﬁgicﬁ%@ﬁ@”ﬂ?@bbe
X

polyfunctional monomer maybe used as the above polymer matrix. Examples of the radically

polymerizable pERHIRBGHePRFon GFHHNEHEEH IAREHAR 0 8d HhdFeRhaBtEpme fid

heteroaryl group having 4 to 14 carbon atoms. Preferred
examples of the amino group include amino group, methylamino

group, dimethylamino group, ethylamino group, diethylamino



tetraethylene glycol dimethacrylate, ethylene glycol bisglycidyl methacrylate, bisphenol A
dimethacrylate, 15 2,2-big(4-methacryloyloxyethoxyphenyl)propane and
2,2-bis(3,5-dibromo-4-methacryloyloxyethoxyphenyl)propan e; polyallyl compounds such as
diallyl phthalate, diallyl terephthalate, diallyl isophthalaje, diallyl tartarate, diallyl
epoxysuccinate, diallyl fumarate, diallyl 20 chlorendate, diallyl hexaphthalate, diallyl
carbonate, allyl gighytp} cptvenzlenid airgstyiolpropade ptialyy carhonatey palyhioacrylic
acid and polythiomethaggyli i r S | ry| jn)et

25 bis(2-acryloylthioeth;c;ﬁl);éélé%(ll;rl rG:L a%r%%%%?s%%%t%r?%g%gg#ye%tﬁpﬁ%{;g%ze e;}ll égcf%ﬁézga%i?e%? r
compounds andtReRREd scasstet eonfsvlifiysind &9 gadpriepgar ring to which
glycidylmethacrylgie 3 maty Shedy Foethashiide via the nitrogen atom include
bisphenolA-monoglycidylether-methacrylate, 30 4-glycidyloxy methacry?ate, ,
3-(glycidy12-03e#IBG -2y SRR 6 FiethagR e, such as morpholino group,
3-(glycidyloxy-1rigerepyiosy)-reEoXRiePpyIad Y, group, piperazino group and
3-glycidyloxy-2-hydroxypropyloxy)-2-hydroxypropyl acrylate; and divinylbenzene. 42
Copolymers obtiEaTEY dbPdIHaAzng FEHRw i CHRMG AR he AEEGFACligrawP S
monomer with asiaglicadly pphaserizaple gianghunctional monomer may also be used as the
above polymer matrix. Examples %ithe radically 5 polymerizable monopfunctional mgnomer
include unsaturated cargggﬁl%réfz‘? ?ngﬁ%lrﬁ% Aot rRAREEN A BEi AT P RTRYeic 9rouP
anhydridet acryimaciddndamethsrryiccagid eatereompbenebeneh agroathyl acrylate, methyl
methacrylate, benzylmethacrylate, phenyl methacrylate and 2-hydraxyethyl 10 methacrylate;
fumaric acid ester com%ﬂ%%érsﬂ%é)éasx %ﬁn%/‘l:’ fu nc%gr}tt%ear%)&‘{)%e%%%x ara e]?%gac%gup
acid and thiometmadrylizacid Bsterycommpamds spobuas methyéd thioasrytatedmanzygroup .
thioacrylate and benzy! ihjgmsihacrdate: and iy commauads sueh A styrene. 48 o
chlorostyrene, methylstyrene; vinyl naphthalene, a-methylstyrene dimer and1 romostyrene.
Commonly usededas e elpployEaaoalispersathel eiiibhtertesmpound of the
present inwgntion into thg,abgye polymes reld maly. Themetdsinclude ene-pwhighhe,

20 above thermoplastic resin and the chromene compound are kneaded together whilé they
are molten to di&p¥isehé chforhén&2BRAFOURESHED theFres S BRadN RSP RRScBnidiR

compound s dissalvag/in Giechovenolvaerizable f0BRIS AN APhERSHZ2tigRaialyst s
added to the resulting 25 solution to polymerize the polymerizable monomers by heat or light
s0 as to disperdEFRICHERRE FhipindRETIALTENT aFTTrR AR SRS 8 the
above thermoplgstieifasin and the above thermosetting resin are dyed with the chromene
compound to disperse the chromene 30 compound into the resins, The chromen
compoundbf the preseﬁ{’l%v@‘% orrc&t %Qé %%}5 L BRotEhRIRiEThaRE Wﬁfg'}%{?@é of
fields such as reeardmdheratatials as subdtitutesifon sivesalidemplwefesensitiexaateligds, o £
copy materials, ﬁg]tiggaii ghotosegaitive::L Irlrg:q_tegalsbre:erggrtjjgg matgri%Is fog1 giathode ray
tubes, photosensitive ma ariard for lasers and %o%osensﬁ(/e Ratetiars for Ho ography. The
photochromic mephahgoimeridwgthestiangmene compound of the present 5 invention may be

used as a photochromi (] S I ical futer. i ispl I
actinometer or ornamer%tﬂrga%égr?ﬁ £_l = ??g&t%%%ﬁw%%ﬁ%ﬁ%%r%?e%o%%ﬁﬁ8up
present idfentid S BintPpRGtoCHOMIE piistiisens Fif afifome d0giganpdisteolof the

performance is gh{aipgd, %ﬁ%ﬁ@w@éwgﬂﬂ%’#&%ﬁ% a%&%%ﬁ%mﬁ%iiéal o tﬁsé

of the method include one in which a polymer film co e photoChromic ma )
present invention unifoffki§ &RPEREF e ERPIFsARJMETRr Bothie 8 |aK3Es IRl ITdm g5

the chromene Cepmeomadﬁﬂ%ﬁr@mmvemmlémréﬁﬁd@@éae@@%et@y%rg@&lﬁa
monomers and the polymerizable monomers are polégerized by a predetermined technique,

and one in whicrt GHERY Lot T BRBIVEY InBRSRE Bt rbitiRg sEHEHR is
impregnated into the surface: 20 SEAdBNE P A6840 2006mi9) KhterBQ-mniRutes, prd tharsyrface

is further coated with a curable substance to obtain a photochromic lens. Further, one in

which the above olyhd i Y RTASabA 1T Eurh RRPRARS QT ReRbEad St siRe

of each of the above aralkyl group, aralkoxy group, aryloxy
group and aryl group may be substituted by the above hydroxyl
group, alkyl group, haloalkyl group, cycloalkyl group,



- (19) OCH3 H3CO OCH3 (20) 20The elemental analysis values of this product were 79.21 %
of C, 6.89 96 of H and 4.61 96 of S which were almost equal to the calculated values of
C45H4604S (C: 79.14 96, H: 456.79 96-, S: 4.70 %). When the proton nuclear magnetic
resonance spectrum of the product was measured, 18k peaks based on the methyl and
methylene protons of a tetramethylcyclohexane ring were 5 seen at 8 of around 1.0 to 3.0

ppm, 12H peakssiasexyontheimethylprotgrsaba hetytibeyaDup andadgnetiyd@ubup,
were seen at 8 of a{ound 2.3 10 4.9(£)me and 16H paﬁapl;(fased on an argmatic proton and an
nicr

alkene proton were Scerrat 8 of arounrﬁy&6qg (@?t]})pp bRUMAEE hé -huclear

magnetic resonanteysheztiuomyflthepnodu chMasxyeastivedyd peakimsed ha theyearboroaf .
an aromatic ring was seegati% of aroun%llo to 1@00p%rg, ) %%aé( Qa%fd on thse E%Emn of an

alkene was seen at 8 of aroun(f 80't0 14 e&?rﬁ, and a peak based on the carbon o?lallﬁbaﬁlz:yl

was seen ab8 oPFORY 60 ppiien “rvis @nmm@?kﬁn‘fmg hbovbecsaits thatdid iSotated .
product was a cegpopndrenrasented by tae fgliguings faumula (e L), thC'f!{%ﬁg;ejegx(gg%eSgé

to5 Chromene compounds shown in Table 1 (Examples 2 and 3) and Ta amp
4 and 5) were syHta8sized inttheadhna pegfieras iR Bs@nfple 2. MR hetstnafuRy of they

obtained products.werg agalyged Py psirthg same structure 25 checking means as in
Example 1, it was confirmed that they 46 were compounds_represented by structural formulas

shown in Table 1 and TRRE 2L Tpbadidichtd ERERRIalBes B théscSERHBOSRRRD et 1 1y
calculatech valuesreptaingdiiiom the structyral fernywlas ghthecupradwndsang, charasteristic 5

114-NMR spectra are shown in Table 3.. 47 Gg-Pa PIGTA al r-- H r- Product

Therefore, particularly preferred R® is a hydrogen atom (“a”
is 0).

Meanwhile, R* is preferably a hydrogen atom (“b” is 0),
haloalkyl group or cyano group as a high fading speed is

15 obtained, particularly preferably a hydrogen atom,

trifluoromethyl group or cyano group. R* is preferably
bonded to the ll-position carbon atom to obtain a higher
fading speed.

When a plurality of R* s and a plurality of R*' s are

20 existent, preferred R*’s and R* s are the same as those

enumerated above.

<R’ and R®>
R® and R® are each independently a group represented
25 Dby the following formula (3), group represented by the
following formula (4), aryl group, heteroaryl group or alkyl
group.

+

:CH—);RQ 3)

c
im

30

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

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

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

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

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

(4-piperidinophenyl) -ethenyl group,

(4 -methoxyphenyl) ~ethenyl group,

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

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

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

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

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

above formula (4) include phenyl-ethylinyl group,

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

(4 -morpholinophenyl) -ethynyl group,

(4-piperidinophenyl) -ethynyl group,

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

<R? and R®>

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

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

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

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

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

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

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

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

ring.

<particularly preferred R’ and R%>



Naphthol compound HO('HO rs3cd Example No. cr 49 1H-NMR(ppm) 85.0-9.0 16H
80.5-4.5 30H 85.0-9.0 16H 80.5-4.5 3011 85.0-9.0 161-1 80.5-4.5 18H 85.0-9.0 1611 80.5-4.5

' 2811 Calculated values C!)
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In the present invention, preferred substituents of

R’ and R® are each a hydroxyl group, alkyl group or alkoxy

group, or form a ring together with the 13-position carbon

atom bonded thereto. An example of the alkyl group is methyl

5 group and an example of the alkoxy group is methoxy group.

To reduce initial coloration by thermochromism and increase
the fading speed while retaining high double peak

characteristic, substituents of R’ and R® preferably form a

ring together with the 13-position carbon atom bonded thereto.

10 More preferably, they form the above aliphatic ring or the
condensed poly-ring having an aromatic ring or aromatic
hetero ring condensed to the above aliphatic ring from the
viewpoint-of increasing the fading speed. Particularly
preferably, they form the above aliphatic ring from the

15 viewpoint of reducing initial coloration by thermochromism.

The aliphatic ring formed by R’ and R® is particularly
preferably a nonsubstituted aliphatic hydrocarbon ring or
an aliphatic hydrocarbon ring having at least one substituent
selected from the group consisting of alkyl group, haloalkyl

20 group, cycloalkyl group, alkoxy group, amino group, aralkyl
group, aryl group and halogen atom. Examples of the alkyl
group, halecalkyl group, cycloalkyl group, alkoxy group,
amino group, aralkyl group, aryl group and halogen atom are
the same as those enumerated for R*® and R*.

25 More preferred examples include mono-rings such as
cyclohexane ring, cyclooctane ring and cycloheptane ring,
biecyeclo rings such as norbornane ring and bicyclononane ring,
tricyclo rings such as adamantane ring, and rings obtained
by substituting any one of these rings by at least one lower

30 alkyl group having 4 or less carbon atoms such as methyl group.
Out of these, mono-rings produce a particularly excellent
effect from the viewpoint of reducing initial coloration by
thermochromism while retaining high double peak

characteristic and a high fading speed.
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In the present invention, most preferred typical
examples of the mono-ring formed by bonding together R’ and
R® are represented by the following formulas. In the
following formulas, the carbon atom denoted by 13 is the

13-position carbon atom.

o QY

rRINF F

F F

F

13 18 F S F

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

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

<particularly preferred chromene compound:

Out of the chromene compounds of the present invention,
a chromene compound of the above formula (1) in which R' and
R? are the combination (i), that is, both R* and R? are each
independently a group selected from thiol group, alkylthio
group, alkoxyalkylthio group, haloalkylthio group,
cycloalkylthio group, arylthio group and heteroarylthio
group is particularly preferred from the viewpoint of high
double peak characteristic and high color optical density.
For the same reason, chromene compounds represented by the
following formulas (5) and (6} are also particularly
preferred.

That is, a chromene compound represented by the

following formula (5) is preferred.



S6 S C.)ZZ ELTZL.L. T7L C.C. ZZZL Example No. 7 50 Examples 6 to 10 (evaluation

. of physical properties of photochromic plastic lens produced by coating method) The
chromene compound No.1 obtained in the above 5 Example 1 was mixed with a
photopolymerization initiator and polymerizable monomggrs, the resulting mixture was applied
to the surface of a lens substrate, and ultraviolet light was applied to polymerize the coating
film on the surface of the_lens sypstrate. 10As for a photochromic curable composition, a
mixture of 50 parts by of 2 2-l§§(4-methacryloyloxypentaethoxyphenyl)propane, 10 parts
by mass of polyethylepg gly acrylate (average molecular weight of 532), 10 parts by
mass of 15 trimdfR Ilpropane tgm

hexaacrylate (EE-1830 of Dai
as radically polymerizable
No. 1 obtained in Example ({ {
mixture of the radical palynaterizaple monomers, and 0.3 part by mass of CGI1800 fa mixture
of 1-hydroxycyc|ohexyl'§henyl ketdR&)and bis(2,6-dimethoxybenzoy1)-2,4,4-trimethyl-pentyl
phosphine oxide (weight ratioR/£3:1)) as a 25 photopolymerization initiator, 5 parts by mass of
bis(1,2,2,6,6-pentamethy-4-pipegdyhsebacainiag a stabilizer, parggby grasg®df w57 ang
ethylenebis(oxyethylene)bis[3-(5-tert-buty1-4-hydroxy-mtolyl)propionate], 7 parts by mass of
30 y-methacryloy%xy?ﬂ’@pﬁ?rié%ﬁ%iléﬁe%% PovE oYL agdandi3 parts by mage
of N-methyldiethanalamine weresagdsee-toand fullyimixed vid HsRRoYe mibduEe 1a pbtaina:
photochromic cyrable composition. Subsequently, about 2 g of the photochromic curable 51

compositioR obtafed By S8V et EL A PHPthe SHFRESE Yt HE LB SRaeP -

(CR39 : acrylic tesioplzeiia tenso refranive ingex 6h100) by Lsingrtep,H-4XX2 spincoptes gf
MIKASA Co., Ltd. This coated Ifiq:shwas irradiated 5 gvi hgligiht of a metal halide %amg having an
BT f R

output of 120 mATcHT L Altrogeh Gas & Esptfe 6r 3 Wit SrorE the PRBIGHTST

curable composiitionisayas terptaskice aroogticahartglespatar. wih eccured polymer fbd the
containing the c romene gﬂq%l&d @saer%eﬁd th.?reigo%@g%r‘]iecslso%f 1{)igglyme£ fi%r%lé 4g§5q)e
(photochromic plasti Iengc) . The following pﬁotoc romic properties of the obtaine

photochrdrfiic pleetimidisesMere evaluated. The evaluation results of the photochromic

plastic lenses comprisi n ﬁﬁﬂgﬂ%ﬁ] ]E;@é‘@q re.sh [ -5 [1]
Maximum absorption W%gvggr%ﬁ%&%égx) " This is%ﬁ%c maximu%(gb%grp%gr% V\r/%a%-/g?etﬁgﬁg%iter
color developméftdbtamedfy heafd BPtirsi@tisphotometer (MCPD3000 instantaneous
multi-channel photodetector) ofOtsuka Electronics Co., Ltd. and used as an index of color at

the time of color deve ent. PO [2] Color optical density (AO) : This is the difference
between absorbance tel'120 seconds of exposure and s(0) under no exposure at
the above maxiffulh abso gth and used as an index of color optical density. It
can be said that as this valu , the photochromic 25 properties become better

his is the ratio oftgolor optical density (Ay: value of

X.) at a yellow range (hav axiurR%bsorption wavelength at 430 to 530 nit) and color
optical density (AB: yakierof %Ra").at a blue range 30 (having a maximum absorption
wavelength at 550 to 650 nm) anB Used as an index of double peak characteristic.

R

In the above formula, R?®, R, R®, R®, R7, R®, “a” and
15 “b” are as defined in the above formula (2).

R’ is the same as R* of the combination (ii) in the above
formula (1), that is, thiol group, alkylthio group,
alkoxyalkylthio group, haloalkylthio group, cycloalkylthio
group, arylthio group or heteroarylthio group, and R is an

20 electromn donor group having a Hammett constant o, of -0.50
to -0.01 out of the groups defined as R? of the combination

{ii) in the above formula (1).



[4] Fading half period [T1/2 (sec. )] : time required for the reduction of the absorbance at the
_above maximum absorption wavelength of a sample to 1/2 of {s (120) -s (0) } when exposure
52 is stopped after 120 seconds of exposure and used as an index of fading speed. As this
time becomes shorter, the fading speed becomes highgy. [5] Absorption end {A.o} : After the
photochromic plastic lens 5 obtained under the above conditions is used as a sample and
kept in the dark for one Bay,Rie BtraRbleRftarkinittsartefiy 300101808 abrofthEcsampless

measured with Itraviolet.visible s ctacg%] e V-2 ' Carporatipn) at
room temperatuafe??.&lA%{2};1&5eeertlst\‘lin%)J:fse d%gwn 1 %Er% %el%[b%nee ulggéi%%%%pti@ins)éurvkg%oa
ensure that the Batsmttadce TNy of the efitnvicidt ebsoiplion afvdhsssarapphtefsilze

SO as to obtain %g@[gs%@tigﬂmemgﬁwg@m@eg@%g@gc%E%quth&tgpgent line

becomes 0 as the absorption end (absorption end of the ultraviolet 15 spectrum) and used as

an index ofSinitial coloraBori T dhsxahpee ik arBptral AMidedith 18 £apcahaye|daraslpis

value becomes ggalier.thedpitial pelorationd gs vieaker apdiipe tiansparancy WdgRno
exposure becomes higher. [6] Thermochromism {To} : The photochromic plastic lens 20
obtained under The<QFa e Enditirs FERSBY a8 %b@éﬁﬁﬁsgﬁéﬁwittﬁﬁﬁ?ﬁﬂ%Yé@@)@

to 800 nm is mensyigs, Wdthan Hie\deletwsiiersnastophotoraier 4uWdugb50 ok Shinadzy £
Corporation) at room temperature. This is a transmittance at a wavelength at which the
transmittance at#56 fo S50 2 FeliifietamniAgl BROTR ST sk Sahitkdreorhatien.
As this value bescontasratgeittherintial ealbesibtacomesweakasane theffanspareacy
under no exposure ?gcom S hi%?er g] J_’?g% ual rate éAgl%AO X 100) : The deterioration

promotion test RGL o%faelneﬁif) %%lc romic p 88T Tens s Gaffed3g ol %@Sﬁsﬁﬁ%ﬁg %d
xenon weather fetertdfeS adao¥estdnittumentsn€aihichfors bbdbitsidinereafter, the above

color optical density is lyat efare an r.the test, the.coler.optical density (AQ) before
the test and the color o?ti&%;f%i%%%ya%é%g Sa%ftggrﬁtﬁgwétle@ré rrlr%cgsurlelg,tt gll’l% t%é3 YS% %%n trd
(A50/A0) of thede® Vahes is lai@srras rekidicat rgtecand uset tisgrairidzxned Colaraleveopment

durability ;8 th sesigualyale begopgs diahateihp colardeuslorrmentAyabitehegomer,

higher. 5Photochromic plastic lenses were obtained and their characteristic properties were

evaluated in the"SEReTA&HEY asldfdvelBxdapt thdane chaipBubals (Nbsando Sybbeainédm
Examples 2 to gwsie sisgd £s:{he chromens copmpoungnd hedeswis areishown inmEablg 4, e

54 (%)00T X(c}f//Ds 1) 38 38 98 98 t8 L8 8 8 Initial coloration ghelrgnochromism) O\0 06 68 58
98 ormula (1), respectively. Whenboth R and R are the above
electron donor groups, an excellent effect is obtained.
20 The Hammett constant o, is defined based on the Hammett
equation that quantifies the electric effect of a substituent
bonded toan nelectron system on the basis of the dissociation
constant Ka of p-substituted benzoic acid. A substituent
having a Hammett constant 6, of 0 is a hydrogen atom.
25 R*® in the above formula (5) and R'® in the above formula
(6) are particularly preferably electron donor groups having
a op of -0.50 to -0.01. When the chromene compound has an
electron donor group which satisfies this range, its double
peak characteristic can be intensified while initial
30 coloration is suppressed.
Examples of the electron donor group having a op of
-0.50 to -0.01 and represented by R' include aliphatic

heterocyclic groups having a ring member nitrogen atom and

bonded to the benzene ring to which the aliphatic



06 68 68 68 58 98 (mu) L6E tOt Tit Zit Fading half period (Ds) Z/T1 05 OS TS -ES ZS TZT
IZT OtT OWL Double peak characteristic arcifiv OS 8VT tt' | OS Color optical density 4)

10

15

20

25

30

27

heterocyclic group bonds via the nitrogen atom such as

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

morpholinoe group from the above point of view.
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Particularly preferred examples of the chromene

compound in the present invention are given below.




8 6 55 Comparative Examples 1 to 3 For comparison, photochromic plastic lenses were
_obtained and their physical properties were evaluated in the same manner as in Examples
except that compounds represented 5 by the following formulas (A) , (B) and (C) were used.
The results are shown in Table 5. 56 1=0-)00I X (V/clsy) LL 9L SE SE 178 58 Initial
coloration (thermochromism) ov) SL 9 8L LL 98 178 Initial coloration (absorption end) (um)
LEE 0117 ZET7 Fagdiag hafHs
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OCH;

(identification of chromene compound)

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

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

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

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

based on the carbon of an aromatic hydrocarbon group
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appears at 6 of around 110 to 160 ppm, peaks based on
the carbons of alkene and alkine appear at & of around
80 to 140 ppm, and peaks based on the carbons of an alkyl
group and an alkylene group appear at & of around 20

to 80 ppm.

<production of chromene compound:>

The production process of the chromene compound of the
present invention is not particularly limited, and any
synthesis process may be employed. The chromene compound
represented by the above formula (1) can be advantageously
produced, for example, by the following process.

That is, the chromene compound can be advantageously
produced by reacting a naphthol compound represented by the
following formula (7) with a propargyl alcohol compound

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

an acid catalyst.

(7)

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

R® R6

(8)
|ﬁ><OH

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

sulfuric acid, benzenesulfonic acid, p-toluenesulfonic acid
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same manner as in Example 1. When the structure the obtaine romene compounds
were analyzed iR¥eE same 125 wigthersat e Balvsed,; it Was daeithaddhauréyf weng the

compounds repesgaiadby,ine-struciira isuiias showp, i, Lable £ Jable { shows the

elemental analysis values and 11.1-NMR spectral values of the chromene compounds

obtained in Exa®ipidsl v tapky7 ieidsfpouRamesampiseqgtiie Sbichisndrashpouray
obtained ind=xamples,tl 1 49, 8snesctivelyn & hirbleiq Exampla N, Raw materialsa ¥igd
rate (96) Na\phtgi)lldcofrrdFJJ:(tj:LljlnedrPJr:oepcal[g%ltaall(::L(?L ioZI é(l:g?é)g.und Product
The naphthol compound represented by the above formula
(7) is provided as a novel compound by the present invention.
In the formula (7), the definitions of R*, R?, R?, R*, R’, RS,
15 “a” and “b” are the same as in the above formula (2).
Therefore, it should be understood that the above explanation
of the formula (2) is directly applied to these groups and
parts.
In the present invention, preferred examples of the

20 naphthol compound represented by the formula (7) are the

following compounds.
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SCH3-

Uy
1,
e

OCHs

Ordinary naphthol compounds can be synthesized in

F3C

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

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

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

particularly limited, it can be synthesized as follows, for
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example.
A benzene compound represented by the following
formula (9) may be purchased as a commercially available

product or may be synthesized based on the following

5 documents.

(R’°‘)aF21
’ \/\ 9)
F R2

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

SCH;
(10b)
C

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

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

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

(R* and “b” are as defined in the above formula (2)).
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(R*)y R

= . R1
RZ

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

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

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

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

cyclization reaction of the above compound (12).

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

formula (14).

(14)

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

carboxylic acid represented by the following formula (15) .

(15)

This benzyl-protected carboxylic acid is converted into an
amine by a method such as Curtius rearrangement, Hofmann
rearrangement or Lossen rearrangement, and a diazonium salt
is prepared from the amine. This diazoniumsalt is converted
into a bromide through a Sandmeyer reaction or the like, and
the obtained bromide is reacted with magnesium or lithium
to prepare an organic metal reagent. This organic metal

reagent is reacted with a ketone represented by the following
formula (16) at -10 to 70°C in an organic solvent for 10

minutes to 4 hours to obtain a compound represented by the

following formula (17).
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R7. RS

Y (16)

o)

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

a7)

The compound (17) is reacted at 10 to 120°C for 10 minutes
to 2 hours under a neutral to acid condition to spironate
the alcohol so as to obtain a naphthol compound of the above
formula (7) of interest. In the above reaction, the reaction
ratio of the above organic metal reagent to the ketone

represented by the above formula (16} is selected from among
a wide range but preferably selected from a range of 1:10

to 10:1 (molar ratio). The reaction temperature is

preferably -10 to 70°C, and an aprotic organic solvent such

as diethyl ether, tetrahydrofuran, benzene or toluene is
preferably used as the solvent. The spironation of the
alcohol material under a neutral to acid condition is
preferably carried out by using an acid catalyst such as
acetic acid, hydrochloric acid, sulfuric acid,
benzenesulfonic acid, p-toluenesulfonic acidor acid alumina.
The acid catalyst is preferably used in an amount of 0.1 to
10 parts by weight based on 100 parts by weight of the alcohol
material. For this spironation, a solvent such as
tetrahydrofuran, benzene or toluene is used.

The propargyl alcohol compound represented by the
above formula (8) can be synthesized by various methods. For

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

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

achromatic state swiftly by blocking off the light.

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

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

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

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

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

formulas (18a) and (18b).

(182)

5
(18b)

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

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

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

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

15 Laid-Open W02009/136668.

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

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

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

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

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

cured material.

(stabilizer to be combined with)

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

they produce an effect.

(use of chromene compound:

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

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

Thermosetting resins obtained by polymerizing a
radically polymerizable polyfunctional monomer may be used
as the above polymer matrix. Examples of the radically
polymerizable polyfunctional monomer include polyacrylic
acid and polymethacrylic acid ester compounds such as
ethylene glycol diacrylate, diethylene glycol
dimethacrylate, triethylene glycol dimethacrylate,
tetraethylene glycol dimethacrylate, ethylene glycol
bisglycidyl methacrylate, bisphenol A dimethacrylate,
2,2-bis(4-methacryloyloxyethoxyphenyl)propane and

"2,2-bis(3,5-dibromo-4-methacryloyloxyethoxyphenyl)propan

e; polyallyl compounds such as diallyl phthalate, diallyl
terephthalate, diallyl isophthalate, diallyl tartarate,
diailyl epoxysuccinate, diallyl fumarate, diallyl
chlorendate, diallyl hexaphthalate, diallyl carbonate,
allyl diglycol carbonate and trimethylolpropane triallyl
carbonate; polythiocacrylic acid and polythiomethacrylic
acid ester compounds such as
1,2-bis(methacryloylthioc)ethane,
bis(2-acryloylthicethyl)ether and
1,4-bis(methacryloylthiomethyl)benzene; acrylic acid ester
compounds and methacrylic acid ester compounds such as
glycidyl acrylate, glycidyl methacrylate, Bp-methyl glycidyl
methacrylate, bisphenol A-monoglycidyl ether-methacrylate,
4-glycidyloxy methacrylate,

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

acrylate; and divinylbenzene.
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Copolymers obtained by copolymerizing the above
radically polymerizable polyfunctional monomer with a
radically polymerizable monofunctional monomer may also be
used as the above polymer matrix. Examples of the radically

5 polymerizable monofunctional monomer include unsaturated
carboxylic acids such as acrylic acid, methacrylic acid and
maleic anhydride; acrylic acid and methacrylic acid ester
compounds such as methyl acrylate, methyl methacrvylate,
benzyl methacrylate, phenyl methacrylate and 2-hydroxyethyl

10 methacrylate; fumaric acid ester compounds such as diethyl
fumarate and diphenyl fumarate; thicacrylic acid and
thiomethacrylic acid ester compounds such as methyl
thicacrylate, benzyl thicacrylate and benzyl
thiomethacrylate; and vinyl compounds such as styrene,

15 chlorostyrene, methylstyrene, vinyl naphthalene,
a-methylstyrene dimer and bromostyrene.

Commonly used methods may be employed to disperse the
chromene compound of the present invention into the above
polymer solid matrix. The methods include one in which the

20 above thermoplastic resin and the chromene compound are
kneaded together while they are molten to disperse the
chromene compound into the resin, one in which the chromene
compound is dissclved in the above polymerizable monomers
and a polymerization catalyst is added to the resulting

25 solution to polymerize the polymerizable monomers by heat
or light so as to disperse the chromene compound into the
resin, and one in which the suffaces of the above
thermoplastic resin and the above thermosetting resin are
dyed with the chromene compound to disperse the chromene

30 compound into the resins.

The chromene compound of the present invention can be
used as a photochromic material in a wide range of fields
such as recording materials as substitutes for silver halide

photosensitive materials, copy materials, printing
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photosensitive materials, recording materials for cathode
ray tubes, photosensitive materials for lasers and
photosensitive materials for holography. The photochromic
material comprising the chromene compound of the present
invention may be used as a photochromic plastic lens material,
optical filter material, display material, actinometer or
ornament material.

For instance, when the chromene compound of the present
invention is used in a photochromic plastic lens, if uniform
light control performance is obtained, the lens
manufacturing method is not particularly limited. Examples
of the method include one in which a polymer film containing
the photochromic material of the present invention uniformly
dispersed therein is sandwiched between lenses, one in which
the chromene compound of the present invention is dispersed
into the above polymerizable monomers and the polymerizable
monomers are polymerized by a predetermined technique, and
one in which the chromene compound is dissolved in silicone
0il, the resulting solution is impregnated into the surface
of a lens at 150 to 200°C for 10 to 60 minutes, and the surface
is further coated with a curable substance to obtain a
photochromic lens. Further, one in which the above polymer
film is formed on the surface of the lens and the surface
is coated with a curable substance to obtain a photochromic
lens is also employed.

A coating agent composed of a polymerization curable
composition comprising the chromene compound of the present
invention may be applied to the surface of a lens substrate,
and the coating film may be cured. At this point, the lens
substrate may be subjected to a surface treatment with an
alkaline solution or a plasma treatment in advance, and a
primer may be further applied to improve adhesion between
the substrate and the coating film by carrying out the above

surface treatment or without the surface treatment.
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Examples
The following examples are provided for the purpose
of further illustrating the present invention but are in no

way to be taken as limiting.

Example 1

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

=)

The yield rate was 76 %.

()

s

(19)
OH

H3CS
OCHg

H3CO

OCH3
J

| OH

_

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

When the proton nuclear magnetic resonance spectrum
of the product was measured, 18H peaks based on the methyl
and methylene protons of a tetramethylcyclohexane ring were
seen at & of around 1.0 to 3.0 ppm, 12H peaks based on the
methyl protons of a methylthio group and a methoxy group were
seen at 6 of around 2.3 to 4.0 ppm, and 16H peak based on
an aromatic proton and an alkene proton were seen at o of
around 5.6 to 9.0 ppm.

Further, when the C-nuclear magnetic resonance
spectrum of the product was measured, a peak based on the

carbon of an aromatic ring was seen at 8 of around 110 to

160 ppm, a peak based on the carbon of an alkene was seen
at 6 of around 80 to 140 ppm, and a peak based on the carbon

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

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

formula (21).

1)

Examples 2 to 5

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

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

5 'H-NMR spectra are shown in Table 3.
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Examples 6 to 10
(evaluation of physical properties of photochromic plastic
lens produced by coating method)

The chromene compound No.l obtained in the above

-Example 1 was mixed with a photopolymerization initiator and

polymerizable monomers, the resulting mixture was applied
to the surface of a lens substrate, and ultraviolet light
was applied to polymerize the coating film on the surface
of the lens substrate.

As for a photochromic curable composition, a mixture
of 50 parts by mass of
2,2-bis (4-methacryloyloxypentaethoxyphenyl)propane, 10
parts by mass of polyethylene glycol diacrylate (average
molecular weight of 532), 10 parts by mass of
trimethylolpropane trimethacrylate, 10 partsg by mass of
polyester oligomer hexaacrylate (EB-1830 of Daicel UCB Co.,
Ltd.) and 10 parts by mass of glycidyl methacrylate as
radically polymerizable monomers was used. 1 part by mass
of the chromene compound No.1 obtained in Example 1 was added
to and fully mixed with 90 parts by mass of this mixture of
the radical polymerizable monomers, and 0.3 part by mass of
CGI1800 {a mixture of 1-hydroxycyclohexylphenyl ketone and
bis(2,6-dimethoxybenzoyl)-2,4,4-trimethyl-pentyl
phosphine oxide (weight ratio of 3:1)} as a
photopolymerization initiator, 5 parts by mass of
bis(1,2,2,6,6-pentamethyl-4-piperidyl) sebacate as a
stabilizer, 3 parts by mass of
ethylenebis (oxyethylene)bis [3- (5-tert-butyl-4-hydroxy-m-
tolyl)propionate]l, 7 parts by mass of
y-methacryloyloxypropyl trimethoxysilane as a silane
coupling agent and 3 parts by mass of N-methyldiethanolamine
were added to and fully mixed with the above mixture to obtain
a photochromic curable composition.

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

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

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

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

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

reduction of the absorbance at the above maximum absorption

wavelength of a sample to 1/2 of {€(120)-£(0)} when exposure
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is stopped after 120 seconds of exposure and used as an index
of fading speed. As this time becomes shorter, the fading
speed becomes higher.
[5] Absorption end {A;}: After the photochromic plastic lens
5 obtained under the above conditions is used as a sample and
kept in the dark for one day, the ultraviolet transmittance
(T%) at 300 to 800 nm of the sample is measured with an
ultraviolet visible spectrophotometer (UV-2550 of Shimadzu
Corporation) at room temperature. A tangent line is drawn
10 on the obtained ultraviolet absorption curve to ensure that
the transmittance (T%) of the ultraviolet absorption curve
passes a point of 50 % so as to obtain an absorption wavelength
at which the transmittance (T%) of the tangent line becomes
0 as the absorption end (absorption end of the ultraviolet
15 spectrum) and used as an index of initial coloration. For
example, in an optical article such as a spectacle lens, as
this value becomes smaller, the initial coloration becomes
weaker and the transparency under no exposure becomes higher .
[6] Thermochromism {T,}: The photochromic plastic lens
20 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
25 becomes minimal and used as an index of initial coloration.
As this value becomes larger, the initial coloration becomes
weaker and the transparency under no exposure becomes higher .
[7] Residual rate (Asy/BAp x 100} : The deterioration promotion
test of the obtained photochromic plastic lens is carried
30 out by using the X25 xenon weather meter of Suga Test
Instruments Co., Ltd. for 50 hours. Thereafter, the above
color optical density 1s evaluated before and after the test,
the color optical density (A,) before the test and the coloxr

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

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

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

results are shown in Table 5.

(A)

(B)

©

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

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

wavelength range, initial coloration is little.

Examples 11 to 49

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

respectively.
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Table &
Raw materials
Example vield
Naphthol Propargyl Product rate
No. alcohol (%)
compound
compound
11 76
12 78
13 72
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Table 6 (continued)

1 Raw materials
Example Yield
Naphthol Propargyl Product rate
No. alcohol (%)
: compound compound
H;CcH
O %H OCH;
(7 &
H i
15 (o ”
HO
H4CS Y
T OCH;,
1le 69
17 93
18 69
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Table 6 (continued)

Raw materials
Example Yield
g Naphthol Propargyl Product rate
No. alcohol (%)
compound .
compound
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20 » 20
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OCH4
21 Ha 76
OCHg
OCH3
A
22 e 72
OCH3
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Table 6 {continued)

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

Raw materials

Example Yield
Naphthol Propargyl Product rate
No. alcohol (%)
compound
compound
27 75
28 71
29 €0
30 N
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Table 6 {continued)

Raw materials

Example Yield
Naphthol Propargyl Product rate
No. alcohol (%)
compound compound
HsCCH,
31 66
32 71
33 70
34 69
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are shown in Table 8. In Table 8, the compound Nos. 11 to 49 are chromene compounds

Photochromic plastic lenses were manufactured and their
. characteristic properties were evaluated in the same manner as in Example 6 except that the
compounds obtained 5 in Examples 11 to 49 were used as chromene compounds. The results

obtained in Examples 11 to 49, respectively. 74 75 6?'<f*.6)UuL X (1)Vris s8 58 48 58 1.8 38
E8 178 EBEB EB E8 58 T7T8 E8 8 8 V8 T78 T78 Initial coloration (thprmnrhrnmimm) re; 98

Table 6 (continued)
Raw materials 14
Example Yie
Naphthol Propargyl Product rate
No. alcohol (%)
compound compound
O CH, QOCH;
OCH
| S e
6%
O OH HO
HyCS
SCHj OCH,
OCH4
N R
76
O
OCH,
o ) OCH,
37 @ o 69
ool
HCS ()
SCHj OCH,
OCH
ch CH3 3
CHg
O | O
38 68
g il
H,CS
SCH; OCH,
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Table 6 (continued)

Raw materials
Example Yield
Naphthol Propargyl Product rate
No. alcohol (%)
compound
compound
3% ce
40 62
41 69
42 68
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Table 6 (continued)

Example Raw materials
Yield
No. Naphthol Propargyl Product rate
alcohol (%)
compound
compound,
(—O
\/
43 68
44 69
45 71
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Table 6 (continued)

1 Raw materials Vield
Example e
Naphthol Propargyl Product rate
No. alcohol (%)
compound
compound
OCH,
C :GD
46 H-= 6
HO:
47 78
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49 63
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Examples 50 to 88
Photochromic plastic lenses were manufactured and
their characteristic properties were evaluated in the same
manner as in Example 6 except that the compounds obtained
5 in Examples 11 to 49 were used as chromene compounds. The
results are shown in Table 8. In Table 8, the compound Nos.
11 to 49 are chromene compounds obtained in Examples 11 to

49, respectively.
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55.1 g (324.2 mmol) of a benzene compound represented by the above formula (11) was
.added dropwise to a 5 dichloromethane solution (350 ml) of 51.8 g (388.6 mmol) of aluminum
chloride and 45.6 g (324 . 3 mmol) of benzoyl chloride cooled to OC. After the end of addition,
they were stirred for 2 hours. After the reaction, the reaction solution was washed in water, the
solvent was removed, and the obtained 10 product Wagﬁurified by column chromatography to
obtain a benzophenone derivative re h ing-formul 63. 230.4
mmol, yield rate of 71 -93%@3/5%9 f&%&&%%%ﬁs%fﬁ“; (%{%%15%%% aggzz%gpileﬁgﬁgg('
derivative of the B8V {6nfifa (22) and 46.2 g (265.0 mmol) of diethyl succinate were
dissolved in 250 ml of tetrghydepfuramyandiirated &a 5564 siahyaipfusan solution (280, mi)

of 29.7 g (265.0 mmol) of potassium-t-butoxide was added dropwise to this solution and 20

stirred for 1 houPKftét e R8O Bt tidh bItidh wadfhsAzeniithsercentated

hydrochloride acid and diesmwithavatesansthersalyent was remaevedsteohials aLqmBayng s
represented by th; following formula (23) as 92.6 g (230.4 mmol, ﬂ?ld rate of 100 96) of an
orange oil. H3CHZEBEEBEMEB 378 5HE5 78 Fhicdcdmpdtinalor (e BBBFES Yo ARDEse
18.9 g (230.4 mmod lafsagiunacetate aae tlif7<hdl B52 Laamol)-af acetis, apbydride wergq
dissolved in 300Hnl oEt%%%nre andArgt:que for 3 hours. After the reaction, the reaction

solution was 5 washed IR Water, tHe soivetivas FBMovaH  altithé OBEHASH pFSdutt 1Rtk was
purified by recrystadiizedonnwitamethandl¢o sobiaiara-compovaadsep@seniadl bytheiallowviag

formula (24) as 22. 3.0 mmgl; vield rate of 23 96) of an orange solid. ,
H3CH2CO0CO %‘%’%‘i‘?ﬁsgﬁﬁ% %%yﬁ%l?%‘treﬁ cg%%o%%dcgﬁﬁé"g%%%’r%|§?22f)b\}&8§n a
dispersed into 1bemaicaiestbancierZzat b ereguessdoidtion ohe2t6§ 1848 Aonfostudif a
sodium hydroxide,was added to this,solytign and-refl r urs: After.the reaction, the
reaction solution was washed wit c(oncehtrate %ydr%:%%)%)crl gmo aﬁ; th°epn \cljvjlgthaw}e’x?elr?L %
solvent was rem®Reddand the obtained product was purified by reslurrying with toluene to

obtain a carboxylic acid derivative represented by the following formula (25) as 17.4 g (48.8
mmol, yield rate of 92 96)%f a yellow solid. HOOCOH 20SCH3

(22)

15 The benzophenone derivative of the above formula (22)
and 46.2 g (265.0 mmol) of diethyl succinate were dissolved
in 250 ml of tetrahydrofuran and heated to 55°C. A
tetrahydrofuran solution (250 ml) of 29.7 g (265.0 mmol) of
potassium-t-butoxide was added dropwise to this solution and

20 stirred for 1 hour. After the reaction, the reaction
solution was washed with concentrated hydrochloride acid and
then with water, and the solvent was removed to obfain a
compound represented by the following formula (23) as 92.6

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

H5CH,COO0C
| COOH

O O SCH, (23)
SCH,

25



80 in 150 ml of N,N-dimethylformamide. 15.4 g (122.0 mmol) of potassium carbonate was

. added to this solution, heated to 60C and stirred for 3 hours. After the reaction, the reaction
solution was washed in water, and the solvent was 5 removed to obtain a compound
represented by the following formula (26) as 24.1 g (44.9 mmol, yield rate of 92 96) of a
yellow oil. BhOOCOBn 10The compound of the abov%%rmula (26) was dispersed into 400

ml of isopropyl alcohol. %—Penﬂ&ﬁ eocyq:%%lu BB\? 319(519%1%50 (Pé‘gmol)l%f s%)dlugb t
ac |on

hydroxide was added to this solution and refluxed fo ours. Aiter the reéctlon
solution was wagﬁ@immfccﬁ%hwméﬁﬁsmr@mohé%c?d anéthea viitmwaisr, ¢fe sokent

was removed, agg fhesobiaingrl prodiict was ausified By, be%lﬂr%%‘gt\éﬂt&é‘ﬂ%e%&’ Pgﬁ%}ﬁ’ed

carboxylic acid derivative represented by the following formula (27) as 19.9 g (44.5 mmaol,
yield rate of 99 JP&f & ydehssolid® HebEdBrreactipa ca?%&ql%aétﬁdﬁérﬁ@théiépméﬂas

above formyla (3R)aMag disparsed into 300 mbofiolens 90-Q44894.1 meoh pEtristhyamine
and 15.9 g (57.9 mmol) of dlphenylphosphoryla2|de were added to this solution and 81 stirred

at room temperdGRFEF S HEF P B 4858 FRTIYStahad SRS RINE S0 MFE RenRbT®

carry out a reactipitati f0& tesmaeure. Fegieaiian R0 By efirthenol wasagdedtadhis (24)
solution, and then 74, 7§ (1335.0 mmol) of patassium 5 hydroxide was added and ref luxed

for 6 hours. AftePthé fe&clon SathdiBNhs S BrEE Rrmra FreSLRMEFARRFORRAAS -
was added, the washed in

compound repres%nté§ é\e }
1) of a yellow solid. H NOBn

d the solvent was removed to obtain a
ormuq;g% 28) as 15.8 g (37.8 mmol, yield 10 rate of 85
e compound of the above formula (28) was dispersed
into 350 ml of acetonitkt 87.1 mmol) of a 6 1 hydrochloric acid agueous
solution was added tg dnd cooled to 0 to 5C. 11.7 g (56.7 mmol) of a 33 1
sodium nitrite aqueo s solution wasadded to this solution and sw d for 30 minutes. 47.1 g
(283.5 mmol) of a 5096 potassium iodide agB€slss solution was a ﬁed to this solution and
stirred at room temperature for 5 hougcAfter 20 the reaction, toluene was added, the reaction
solution was washed in water, the solventwas removed, and the obtained product was
purified by column chromatography to obtain a compound represented by the following

formula (29 as 15.8 g (28O emnglovigld rte0hd R Ri& yellow $9lid, 872 §g§|?ﬁ§%sed

The compound of the above formula (29) was dispersed into 600 ml of toluene and cooled to

-30C. 28.1 ml (4F§hbh dth- BthPﬁﬁHﬂﬂﬁf(‘% M hekaié Dfufdh)aweatded S iEpRRe

this solution and stirred fara3G minwies114.819 ebatalHens aollionOf b 94Aa8nmwahi3,
3,5,5- tetrameth)é‘blt clohexanone was added dro#omse to this solution and stirred at OC for 3

hours. After the$8 LA entas W88at Be redQidhSsolufidir Sad e shea fit-wWaker, tlae
the solvent wasreamvidnandithe htawed peashuict waschuEbad byt ealbeying it spatbanel
to obtain ompound re nted by the followin ormul 30) as 10.1 g (18.2 mol ield
rate of 61°96) 0 aygellowgsoslg %fﬂ. waqcer, %L xg r?t wa.s gn(xove c%/ l‘l
obtained product was purified by reslurrying with toluene

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

HooC l OH
‘ O SCH,§ (25)

SCH
20 3

The carboxylic acid derivative of the above formula

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



H3C (30) SCH3 SCH3 15The compound of the above formula (30) (0.9 mmol) of ()
-10-camphorsulfonic acid were dissolved in 150 ml of toluene and ref luxed for 30 minutes.
The resulting solution was left to be cooled to room temperature, added to 100 ml of a toluene
solution of 4.5 g (27.3 mmol) of 20 p-toluenesulfonic agigl heated at 90C and ref luxed for 4
hours. After the reaction, the reaction solution was washed in water, the solvent was removed,
and the obtainetirprbsldcin B3 &%, plrdisdadyhedldiommemadhatogréphy to diitam. & maphiholo £

compound repr t h ing formula . . l,.vield rate_of.45.%) of
a yellow solid. E%il%eg gé#eﬁer%é?ﬁ%%%% v%es‘%@ﬁ%s ;?r(gd%éﬂ:lt%v%err% %%Jl%go’ o}? C?%ii%(i Oﬁoof
H and 14.30.% ©¢ 8GvhicH wairé mradstfequad tditherealcubkféd valtles of GR8H3IDS LG
74.95 9s, H: 7.19. 98+ 51429 %) s Whep e, protonsnylear magnelis fesprance saeqiryy 10
was measured, it showed a 24H peak based on an alkyl group at 8 of around 0.5 to 4.5 ppm
and a 7H peak baBeyef drcardftditiprotcrrar® Bhar o= 6 25 0lppn theFgrhéowitith
the 13C-nucleat Giagnelc [9ganalee speptymyas snegsyied i showed apesk ase op.e
the carbon 15 of an aromatic ring at 8 of around 110 to 160 ppm and a peak based on the
carbon of an alRyI¥fé P8t 8bt around 20 to 80 ppm. It was confirmed from these results
that the isolatedBtr)‘@]E}léct was a CO”E?QHnd represented by the above formula (31) . 20This
compound is a naphtho @o used in the above Example 3. Example 90 When the

operation of Example 89 peated by using 25 50.0 g (324.6 mmol) of the benzene
compound represénted.k e abeye formula (10a), a naphthol compound represented by 84
the following fo
solid. The eleh 2 analysis.values of this product were ég)7.79 1 of C, 7.50 1 of H and
7.37 of S which wére almost equal to tf€-Ealculated values of C28H32025 (C: 77.74 6, H:
7.461,S:7.411). When theggigton nuclear magnetic resonance spectrum was measured,
it showed a 24H peak based on an ef'lkyl group

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

15 hydrochloric acid and then with water, the solvent was
removed, and the obtained product was purified by reslurrying
with toluene to obtain a carboxylic acid derivative
represented by the following formula (27) as 19.9 g (44.5

o,

mmol, yield rate of 99 %) of a yellow solid.

HOOC l OBn
(J . o

20 SCH,

The carboxylic acid derivative of the above formula
(27) was dispersed into 300 ml of toluene. 90.0 g (891.1
mmol) of triethylamine and 15.9 g (57.9 mmol) of
diphenylphosphorylazide were added to this solution and



10 at-of around 0.5 to 4.5 ppm and a 7H peak based on an aromatic proton at .5 of around 5.0
to 9.0 ppm Further, when the 13C-nuclear magnetic resonance spectrum was measured,
"it showed a peak based on the carbon of an aromatic ring at 8 of around 110 to 160 ppm and
a peak 15 based on the carbon of an alkyl group at 8 of around 20 to 80 ppm. It was
confirmed from the above results that the isolated produ&twas a compound represented by
the above formula (32). 20This compound is a naphthol compound used in the ahave
Example L. ExamBle 67 =% S R hE BREFEHONE ERAnpIecHE fias hodtd ity fsAgias L
55.0 g (348.1 mme}) ettherenzene edfpouns tépresenlad:-hyithe ahayverforowtad 100.caion
benzophenone derjvative represented by the following formula S‘?F?f’) was, ohtained as 63,8
0 047 mimot,yiBh TAe T o) B s Ellon] SaeE Y Tk B BBRanshe Adtea
derivative of the abovehfbsmadd @3)qrb, 46:RIgHUSY. 4 anrfiod dflsaiurd-talnatbkide’, £5tg & 9um
mmol) of trisédib%nz Iig%riea%ce&%%e)di&)gg dium 3f5e9 (Z}? g]n%oll_o%lﬁ'o;ﬂss frer
(di-t-butylphosphing fefracene and 3L, g 3%%% mmc}I) oFmorp?hoIine were d'lssgﬁveg n EES
ml of toluene andreflaxedcbfor 3dwrsoAfterthediattion ¢kde offction Idosuiatlorrwassveshed
in water, the solvent w. ined.prad rifie .
chromatography %%&%%ﬁggﬁ%ﬁﬁc% %%%%Evggp#ééﬁ?gﬁy‘%g @)%Icg)'\%%%]?&rtﬁﬁ 2
(34) as 47.3 g (1504 rahwls gikkeratewst 5 2 eg)wfedySlondmitn 1s qeapoundWwhprrdsented
operation of Exaggle 83 was{encatad bysing the denzene darivatiye represepiechby the. 5
above formula (34), a naphthol compound represented by the following formula (35) 20°'was
obtained as 4.2 @& nithol8 fiett) radd of 282961 Pef £§aliciv solid. 86 The elemental
analysis values of thiﬁﬁoduct were 76:-39 96 of C, 7.61 es of H, 2.85 % of N and 6.57 -I; of S
which were almost equfal togtfie Caiellated values of C3 M NO q (r 576.35H: 7.65N: 2.87 %
and S: 6.57 %). When he proton nuclear magnetic resonance spectrum was measured, it
showed a 24H peakB: kyl group at 6 of around 0.5 to 4.5 ppm and a 7H peak
based on an aro ‘ around 5.0 to 9.0 ppm 1Q@#)rther, when the 13C-nuclear
magnetic resonance_sgectrum was paegsured, it showed a peak based on the carbon of an
aromatic ring at 8 of around 110 tq 160 p%%énd a peak based on the carbon of an alkyl
group at 8 of around 20 to 80 ppnsd@lt 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'irethecaiyoverfexamfplen2d 22 rxafytem @2 td 12Y was dispersed

into 350 ml of acetonitrile, and 113.7 g (187.1 mmol) of a

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

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



Naphthol compounds shown in the table were synthesized in the same manner as in Example
-89. When the structures of the obtained products were analyzed by using the same structure
checking means as in Example 89, it was confirmed 87 that they were naphthol compounds
used in Examples shown in Table 8. Table 9 shows the glemental analysis values of these
compounds, the calculated values obtained from the stidctural formulas of the compounds
and characteristic 5 1H{NMR gpectrg;p&8 1H-NMR(NMR) 65.0-9.0 714 60.5-4.5 2411 HET
S'f7-509 HL 06-059 65.0- ]

50.5-4.5 2711 65.0-9.0 71 4.5 2211 65.0-9.0 711 60.5-4.5 3311 HZZ 517-509 HZT
06-059 65.0-9.0 10713 ‘

Calculated value

(29)

SCHj

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

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

(30)

SCHj,4
15 The compound of the above formula (30) and 221.1 mg

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

in water, the solvent was removed, and the obtained product



19 819L'ZT 00 000 0000 000 00 0 000 000' 00 000 0000 X 917L 66 S OS'S 969 9T
L38'SO8.LTL 9T729389 TgL LL6 T/7LOV89T9 Tu..9L ZL 0699 69 '9L 09 LL

a3

was purified by column chromatography to obtain a naphthol
compound represented by the following formula (31) as 3.7

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

HaC
C
HaC Hs

HsC '
OH
as

SCH;
SCH,

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

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

proton at & of around 5.0 to 9.0 ppm

Further, when the C-nuclear magnetic resonance
spectrum was wmeasured, it showed a peak based on the carbon’
15 of an aromatic ring at 6 of around 110 to 160 ppm and a peak

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

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

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

20 This compound is a naphthol compound used in the above

Example 3.

Example 90

When the operation of Example 89 was repeated by using
25 50.0 g (324.6 mmol) of the benzene compound represented by

the above formula (10a), a naphthol compound represented by
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the following formula (32) was obtained as 4.0 g (9.3 mmol,

yield rate of 2.8 %) of a yellow solid.

(32)

SCH,

The elemental analysis values of this product were

i\

5 77.7%9 % of C, 7.50 % of Hand 7.37 % of 8 which were almost
equal to the calculated values of C2gH32028 (C: 77.74 %, H:
7.46 %, S5: 7.41 %).

When the proton nuclear magnetic resonance spectrum
was measured, it showed a 24H peak based on an alkyl group
10 atdof around 0.5 to 4.5 ppm and a 7H peak based on an aromati.c

proton at 8 of around 5.0 to 9.0 ppm
Further, when the **C-nuclear magnetic rescnance

gpectrum was measured, it showed a peak based on the carbon
of an aromatic ring at 6 of around 110 to 160 ppm and a peak
15 based on the carbon of an alkyl group at 8 of around 20 to

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

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

20 This compound is a naphthol compound used in the above

Example 1.

Example 91
When the operation of Example 89 was repeated by using

25 55.0 g (348.1 mmol) of the benzene compound represented by

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

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

o)
c
(33)

SCH;

The benzophenone derivative of the above formula (33),
5 46.8 g (487.4 mmol) of sodium-t-butoxide, 4.5 g (4.9 mmol)
of tris(dibenzylideneacetone)dipalladium, 3.5 g (7.3 mmol)
of 1,1’ -big(di-t-butylphosphino) ferrocene and 31.8 g (365.5
mmol) of morpholine were dissolved in 650 ml of toluene and
refluxed for 3 hours. After the reaction, the reaction
10 solution was washed in water, the solvent was removed, and
the obtained product was purified by column chromatography
to obtain a benzophenone derivative represented by the
following formula (34) as 47.3 g (151.1 mmol, yield rate of
62 %) of a yellow solid.
0 r/“‘o
N
(34)
15 SCHj5

When the operation of Example 89 was repeated by using

the benzene derivative represented by the above formula (34),

a naphthol compound represented by the following formula (35)

20 was obtained as 4.2 g (8.6 mmol, yield rate of 2.5 %) of a

yellow solid.
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The elemental analysis values of this product were
76.39 ¥ of C, 7.61 ¥ of H, 2.85 % of N and 6.57 % of S which
were almost equal to the calculated values of C31H3;NO0,S (C:

5 76.35 %, H: 7.65 %, N: 2.87 % and S: 6.57 %).
When the proton nuclear magnetic resonance spectrum
was measured, it showed a 24H peak based on an alkyl group
at 8 of around 0.5 to 4.5 ppm and a 7H peak based on an aromatic

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

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

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

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

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

This compound is a naphthol compound used in the above

Example 24.

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

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

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

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

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

are shown in Table 11.

(36)

(37)

(3%)

10
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Table 10
Photochromic compound
Example
Compound Color
No. 36 37 38
No.
Amount
128 (parts 0.5 - - brown
by mass)
Amount
129 (parts - 0.7 - gray
by mass)
Amount
130 {(parts - 0.2 0.4 brown
by mass)
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As shown in Table 11, the photochromic plastic lenses
which are obtained by curing the chromene compositions of
the present invention have a transmittance by thermochromism
of not less than 88 %, the absorption end at 420 nm or less

5 and very little initial coloration.

Effect of the Invention
The chromene compound of the present invention
develops a color of a neutral tint and has little initial
10 colorétion, high color development sensitivity, high color
optical density and a high fading speed even when it is
dispersed into a solution or a polymer solid matrix as well
as excellent durability.
Therefore, when a photochromic lens is manufactured
15 by using the chromene compound of the present invention, it
swiftly develops a dark color of a neutral tint when it moves
outside and returns to its original color swiftly when it
returns inside from outside and has such high durability that

it can be used for a long time.
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LT7 Et, Example No. ZZT EZT T7ZT SZT 931 LZT 1 92 Examples 128 to 130 Photochromic
plastic lenses were manufactured and their characteristic properties were evaluated in the same
manner as in Example 6 except that the chromene compound 5 (chromene compound No.1) in
Example 1 of the present invention was mixed withg§e following chromene compounds (36), (37) and
(38) in ratios shown in Table 10. The results are shown in Table 11. CH3 93 Table 10 Example

Claims:

1. A chromene compound having a skeleton represented by
the following formula (2):

)

wherein (i) R' and R? are each a sulfur-containing substitu-
ent selected from the group consisting of thiol group,
alkylthio group, alkoxyalkylthio group, haloalkylthio
group, cycloalkylthio group, arylthio group and het-
eroarylthio group, (i) R* is the above sulfur-containing
substituent and R? is a hydrogen atom, hydroxyl group,
alkyl group, haloalkyl group, cycloalkyl group, alkoxy
group, amino group, heterocyclic group having a ring
member nitrogen atom and bonded to the benzene ring
to which the heterocyclic group bonds via the nitrogen
atom, cyano group, nitro group, formy! group, hydroxy-
carbonyl group, alkylcarbonyl group, alkoxycarbonyl
group, halogen atom, aralkyl group, aralkoxy group,
aryloxy group or aryl group, or (iii) R* is the above
sulfur-containing substituent and R’ is a ydrogen atom,
hydroxyl group, alkyl group, haloalkyl group,
cycloalkyl group, alkoxy group, amino group, aliphatic



No. Photochromic compound Color Compound No. 1 36 37 38 128 Amount (parts by mass) 2.0 0.5 -
- brown 129 Amount (parts by mass) 2.5 - 0.7 - gray 130 Amount (parts by mass) 2.0 - 0.2 0.4 brown
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heterocyclic group having a ring member nitrogen atom
and bonded to the benzene ring to which the aliphatic
heterocyclic group bonds via the nitrogen atom, cyano
group, nitro group, formyl group, hydroxycarbonyl
group, alkylcarbonyl group, alkoxycarbonyl group,
halogen atom, aralkyl group, aralkoxy group or aryloxy
group;

R? and R? are each independently a hydroxyl group, alkyl
group, haloalkyl group, cycloalkyl group, alkoxy group,
amino group, heterocyclic group having a ring member
nitrogen atom and bonded to the benzene ring to which
the heterocyclic group bonds via the nitrogen atom,
cyano group, nitro group, formyl group, hydroxycarbo-
nyl group, alkylcarbonyl group, alkoxycarbonyl group,
halogen atom, aralkyl group, aralkoxy group, aryloxy
group or aryl group;

R® and R® are each independently a group represented by
the following formula (3):

3)
—ec|‘=CHam—R9

RIO

wherein R® is an aryl group or heteroaryl group, R'° is a
hydrogen atom, alkyl group or halogen atom, and m is an
integer of 1 to 3, group represented by the following
formula (4):

)
—¢C=Cy—R!"
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wherein R'! is an aryl group or heteroaryl group, and nis an
integer of 1 to 3, aryl group, heteroaryl group or alkyl
group, and R> and R® may form an aliphatic hydrocarbon
ring together with the carbon atom to which R> and R°®
bond;

R7 and R® are each independently a hydrogen atom,
hydroxyl group, alkyl group, haloalkyl group,
cycloalkyl group, alkoxy group, alkoxyalkyl group,
formyl group, hydroxycarbonyl group, alkylcarbonyl
group, alkoxycarbonyl group, halogen atom, aralkyl
group, aralkoxy group, aryloxy group or aryl group, and
R7 and R® are bonded together to form an aliphatic ring’
having 3 to 20 ring member carbon atomis, condensed
poly-ring having an aromatic ring or aromatic hetero
ring condensed to the aliphatic ring, hetero ring having 3
to 20 ring member atoms, or condensed poly-ring having
an aromatic ring or aromatic hetero ring condensed to
the hetero ring, together with the 13-position carbon
atom to which R7 and R® bond, a is an integer of 0 to 2,
b is an integer of 0 to 4, when a is 2, two R*’s may be the

same or different,and when b is 2 to 4, a plurality of R*’s
may be the same or different.

2. The chromene compound according to claim 1 which is
represented by the following formula (5):

(3
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Table 11, the photochromic plastic lenses which are obtained by curing the chromene compositions of
the present invention have a transmittance by thermochromism of not less than 88 %-, the absorption
end at 420 nm or less 5 and very little initial coloration. Effect of the Invention The chromene
compound of the present invention develops a colgg of a neutral tint and has little initial 10 coloration,
high color development sensitivity, high color optical density and a high fading speed even when it is
dispersed into a solution or a polymer solid matrix as well as excellent durability. Therefore, when a
photochromic lens is manufactured 15 by using the chromene compound of the present invention, it
swiftly develops a dark color, of a.neytral,tintyxhgryit outside and returns to,its ariginal color
swiftly when it returns insiéf%[hf%ﬁ% sizﬂé a:%g(’%g Sﬁﬁﬁﬁ@ﬁglﬁﬁ@tﬁ ﬁ]ﬁ)ﬂ@hﬂé for a long
time. 96 Claims: 1. A chroRRARCHMBBUIR Habify o Qg%tﬁ?i?@p?és&téﬂ iiithdiollifving formula
(2): (2) wherein (i) R' and R.2heveaformalauommashRS sihemelac tescdanoogoumrroup
consisting of thiol group, alkylthid iggos # atkoxget ' GRREPtvo-@@ip oeyahdalkylthio
group, arylthio group and hetgieandiy g[@ﬁﬁeﬁi)lggﬁﬁ*@@})ﬁyg@g%\e@mﬁiﬂm% stituent and R.'
is a hydrogen atom, hydroxylc_ﬁrou , alkyl groufs, haloalkyl group, cycloalkyl group, alkoxy group,
amino group, heterocyclic $r E?H‘QWH&]&% %Bﬁfblé‘ﬁﬁjli e HENL dNFIhSbenzene ring
to which the heterocyclkﬁgrﬁﬁlﬁ@ddb}(/iﬂlm lﬁb@élgéc@m;@hﬁ@)group, nitro group, fonnyl group,
hydroxycarbonyl group, alkylcarbonyl group, alkoxycarbonyl group, halogen atom, aralkyl group,
aralkoxy group, aryloxy group or aryl group, or (iii) Ft4 is the above sulfur-containing substituent and re
is a hydrogen atom, hydroxyl group, alkyl group, halo a Ikyl group, cycloalkyl group, alli@yy group,
amino group, aliphatic 97

wherein R?, R*, R>, R® R”, R®,aand b are as defined in the
above formula (2), R! is the same as R' in (ii) in the
above formula (2), and R'® is an electron donor group
having a Hammett constant g, of =0.50 to ~0.01 out of
the groups defined as R? in (ii) in the above formula (2).

4. The chromene compound according to claim 1, wherein
in the formula (2), (5) or (6), R” and R® form an aliphatic
hydrocarbon ring together with the 13-position carbon atoms
to which R” and R® bond, and the aliphatic hydrocarbon ring
has 4 to 20 ring member carbon atoms and may have at least
one substituent selected from the group consisting of alkyl
group, haloalkyl group, cycloalkyl group, alkoxy group,
amino group, aralkyl group, aryl group and halogen atom.

5. A photochromic curable composition comprising the

chromene conmpound of claim 1 and a polymerizable mono-
mer.



heterocyclic group having a ring member nitrogen atom and bonded to the benzene ring to which the
aliphatic heterocyclic group bonds via the nitrogen atom, cyano group, nitro group, formyl group,
hydroxycarbonyl group, alkylcarbonyl group, alkoxycarbonyl group, halogen atom, aralkyl group,
aralkoxy group or aryloxy group; R3 and 124 are each independently a hydroxyl group, alkyl group,
haloalkyl group, cycloalkyl group, alkoxy group, anpgao group, heterocyclic group having a ring member
nitrogen atom and bonded to the benzene ring to which the heterocyclic group bonds :via the nitrogen
atom, cyano group, nitro group, formY1 group, hydroxycarbonyl group, alkylcarbonyl group,
alkoxycarbonyl group, halogen atom, aralkyl group, aralkoxy group, aryloxy group or aryl group; R5

and R6 are each independentl resent@ﬁi e following for i}RJ
(3) =CH Th) R9 R1 wh%rérpég‘igcj ip agfis Vg%u H%in 9/ ged atom, alkyl
group or halogen atorRI@AdGh ?@Bﬁaﬁ%ﬂs‘%ﬂ £x @r@ng«?aapp@mé%ﬁ @b¢ ol dhitg formula (4):
(4) -e CR11 98 wherparsezl, ﬁhmmﬂ@ﬂo@mﬁﬁﬁ@tﬁmﬂﬂgbmp and n is an integer of 1 to 3, aryl
group, heteroaryl group gr alky. gi% g; icih 3; ring together
with the carbon atom t 9 |c gﬁﬁf ! rf ﬁﬁaﬂ‘aé g?lé{}ic in 81 Y eﬁngl?m?;]ydrogen atom,
hydroxyl group, aIkyI ?\Gaﬁ eﬂ k%f cdepo %i %/Ilﬁr% ak bfb group, formyl
group, hydroxycarborﬁlP’é}BﬁElag(ﬁ ﬁr&mﬂlﬁﬁﬂfb %Q&R%ﬁ QJFH% , aralkyl
group, aralkoxy grouﬁlmwgmmnﬂaty@mxemb@m and 128 are bonded together to form an
aliphatic ring 8. A naplithol confppyingldép A enedaypides ¢athen rigrtsrcondensed
poly-ring having an agﬁmlwt)ng or aromatic hetero ring tondensed to the allphatlc ring, hetero ring
having 3 to 20 ring member atoms, or condensed poly-ring having an aromatic ring or aromatic hetero
ring condensed to the hetero ring, together with the 13-position carbon atom to which R7 and R8 bond,
ais an integer of 0 to 2, b is an integer of O to 4, when a is 2, two R3' s may be the same or different,
and when b is 2 to 4, a plurality of R4 s may be the same or different. 2. The chroniéhe compound
according to claim 1 which is represented by he following formula (5): (5) 99 wherein R3, R4, R5,
R6, R7, R8, a and b are as defi d in thg aboye forula (2), R2 is the same as R2 in (iii) in the above
formula (2), and R15 is an elect don i group having a Hammett constant up of -0.50 to -0.01 out of
the groups defined as R' inKifi);1h the 4 ula (2). 3. The chromene compound according to
claim 1 which is represented by the followt bla (6): (6) wherein R3, R4, R5, R6, R7, R8,aand b
are as defined in the above formula (2), R.}is the game as R'in (ii) in the above formula (2), and R" is
an electron donor group having a Hamme ~c\ _up of -0.50 to -0.01 out of the groups defined as
R2 in (ii) in the above formula (2). 4. g Hipound according to claim 1, wherein in the

: tic hydrocarbon ring together with the 13-position
carbon atoms to Which R7 and R8 bonath anfi#he aliphatic hydrocarbon ring has 4 to 20 ring member
carbon atoms and may have at leBst one Stbkit ent selected from the group consisting of alkyl group,
haloalkyl group, cycloalkyl group, alkoxy grqup, amino group, aralkyl group, aryl group and halogen
atom. S. A photochromic curable compoﬁtlon comprising the chromene compound of claim 1 and a
polymerizable monomer. 100 6. A photochromic optical article having a polymer molded product

containing the chromeig.¢Qp %a'ﬂmf&éiem{t% fﬁﬁredeﬁeﬁgﬁ%%t; HefbgpDer. 7. An
optical article having r%g f{é@%ﬁ rate all Oiﬂ piorg]fs (i %l east ]é Pss]ueldrf?}épe I@O?Eed V;/Ith a
polymer film compris n iA nstituen
member. S. Anaph%@%np&] B’Féfﬁ SHeUBHow estuldD . (7$r0\‘/@/Here|n () IV and
R=are each a sulfur@iﬁ]@ﬂﬁqﬁlﬂm tgt@hpseﬂiot ngfﬁélgroﬂjpdcdi@[@lfﬁglbf this! group, alkylthio
group, alkoxyalkylthiggvopp (Bl ®ikidttie groope e atkytbhita jring satyitiognoumednd
heteroarylthio group, R%Balhymoceéqwmlfhyd@omkﬁg)sqbsﬂwmqﬂmmlmrogen atom,
hydroxyl group, alkyl(grgH El%' }1\ T%‘%Bu?’dl‘?ﬁgﬁ‘( g;p&q al,lﬁofﬁzl(gr nﬂg%%oup, heterocyclic
aoup g 0 IGEEAIEEATIT L SO bl éﬁ“'ycarsozirzfgzy;“c
alkylcarbony! group, mk&@/ Wﬁ’r@g %ﬁ'ﬁ(ﬁﬁtﬁdﬁawtgrgﬁ@' 8150151 sZ;Vdﬁ]p, aryloxy group
or aryl group, or (iii) Elsllilﬁ@&l%\/@t%muﬁ}@@@ ESAMIAY EabSteant e yligEokiirogen atom,
hydroxyl group, alkylluydupxyatioyy b grou my ebatkyhgboury, agkanypg ralimayemd group, aliphatic
heterocyclic group ha}ymgﬁ)u@g mga&a’g atummglmlmlbpnﬂ@qk@ﬁwd}@wmng to which the
aliphatic heterocycllqgﬁu p(gﬁ s(ylta& 8 E)n %tlor(tﬁ) q(a) HOHR nfge\ggo&ﬂf{ﬁrmyl group,

OX

hydroxycarbonyl group, alk -ylca bonyl grou ycarbonyl group, halogen atom, aralkyl group,
aralkoxy group or aryloxy group;




R3 and R4 are each independently a hydroxyl group, alkyl group, haloalk-yl group, cycloalk-yl group,
alkoxy group, amino group, heterocyclic group having a ring member nitrogen atom and bonded to the
benzene ring to which the heterocyclic group bonds via the nitrogen atom, cyano group, nitro group,
formyl group, hydroxycarbonyl group, alk-ylcarbonyl group, alkoxycarbonyl group, halogen atom,,
aralkyl group, aralkoxy group, aryloxy group or arylignoup; R.7 and le are each independently a
hydrogen atom, hydroxyl group, alkyl group, haloalk-yl group, cycloalk-yl group, alkoxy group,
alkoxyalk-yl group, formyl group, hydroxy carbonyl group, alkyl carbonyl group, alkoxycarbonyl group,
halogen atom, aralk-yl group, aralkoxy group, aryloxy group or aryl group, and R7 and R8 are bonded

together to form an aliphatic é%&ﬂﬁj{%ﬁ{ﬁ&ﬁﬁ@%@ﬁﬂ‘ to%ﬁg)g?‘/ 8%%%@2%@%%{ ing

having an aromatic ring or aromatic Q ring condense e (#ti% ing, aving 3 to
20 ring member atoms, or condatet y%F %’hg\?ioflg% [%r HEe ?&ﬁga.wn%(ﬁgmé@?%)%g
condensed to the hetero ring¥8YBthBFURR BEOYDp8LRGALEs FF&WQLQV&@P@?W&@B%OM, ais
an integer of 0 to 2, b is an integanenoberaivhgeaasamadimaded lodhebsanensrditeient, and
when b is 2 to 4, a plurality offR#ls theyhehhtisdreensalitéregroup bonds via the nitrogen

atom, cyano group, nitro group, formyl group, hydroxycar-

bonyl group, alkylcarbonyl group, alkoxycarbonyl group,

halogen atom, aralkyl group, aralkoxy group or aryloxy

group;

R? and R* are each independently a hydroxyl group, alky]
group, haloalkyl group, cycloalkyl group, alkoxy group,
amino group, heterocyclic group having a ring menmber
nitrogen atom and bonded to the benzene ring to which
the heterocyclic group bonds via the nitrogen atom,
cyano group, nitro group, formyl group, hydroxycarbo-
nyl group, alkylcarbonyl group, alkoxycarbonyl group,
halogen atom, aralkyl group, aralkoxy group, aryloxy
group or aryl group;

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

R7 and R® are bonded together to form an aliphatic ring
having 3 to 20 ring member carbon atoms, condensed
poly-ring having an aromatic ring or aromatic hetero
ring condensed to the aliphatic ring, hetero ring having 3
to 20 nng member atonis, or condensed poly-ring having
an aromatic ring or aromatic hetero ring condensed to
the hetero ring, together with the 13-position carbon
atom to which R” and R® bond, a is an integer of 0 to 2,
b is an integer of 0 to 4, when a is 2, two R™'s may be the

" same or different, and when b is 2 to 4, a plurality of R*’s
may be the sanie or different.





