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

thr omeneconpound, anduseandani nt er medi at et hereof. More specifically,

it relates to a chronene conpound which ils useful as a photochromc
conmpound for photochrom c spectacle | enses, and use and an
intermedi ate thereof. 10 BACKGROUNDPERGRIPTION photochronismis the
reversible function of a certaincﬁﬁgﬂgﬂgdcéggbuhb changes its color
swiftly upon exposure to light including ultraviolet Iight such as
sunlight or light 15 froma nmercury lanp and returns to its original
color when it _i [ dark by stopping its exposure to light. A
conpound hav&ﬁ&ﬁyﬁﬁéLpESEgﬁty is called "photochrom c conpound” and
used as a materi al TherppEeLAEhi plefit pbastetatesses. a2Photothtomic
phot ochrom ¢ conpound used for this purpose, the fo]l ow ng properties

are requi r edShrPRenREHRFEEL ofNE M5 A &7 Brtergdidie thegReLr arffere
before ultrayj . LI i sya L ( e d Al ot gl 4
col oration” ﬁggéﬁﬁék?g?%'s%gngh%ggﬁo&? ?IF?ggﬁ%hgegﬁggagPdch%th%Sn
25 upon exposaeful aabtplaviattetonighompoondef oepbotedhtromds spatorcle
opti cal densht¥" her ei after%nahguld e higth.La glkbé tgg speed from
the time whehSPRESappPfcitFoR™8r 2t LPAVEBPEEAFPghtF§Started to the
time wherp the col or optical density reaches saturation (to be
referred to as "col or devel opnent 30 sensitivity" hereinafter)

shoul dbe hi gRACKERPUNReABBeed from t he stoppage of the application of
ultraviolet light $Qof8entbBshed thaere08POYBYe Siti ol @8 hScertain
original state (to be referred to as "fading speed" hereinafter)
shoul d be hi ghmpo¥hdttest ddeahadgesbi bt gobdr tawisf trlay ponberpPantei toh
should 2 be,high,.a M) .t | ubiJ Ety.i.n osi.ti 0
o ohowi 1 eaisil s Refdind iR &é§ﬁ‘tn%8%$°a{1{g%%%§ B35, $5he
conpound sshogkémbe ddphusp 1dwmd =irds wditspersithi Ltbyorbgihal heslor when
material in use becones hi%h. 5As_ t he phot ochrom c cgggpund ﬁhich can
satisfy thesatrEflitletdhtd® SREKPYr BRI cHrd FERESUT T &ndETRavi Yy
an indeno(2, doh)BaRAt KRG in -Ehw_rﬁeogéwgt YsecasithevBAsSt6chkeheLON
(refer to a panphlet of International Laid-Qpen W99/15516 and a
panphl et of ¢ernepewadi onad L3¢d- Tpeh NBL§POAL 608U Photochromie plastic
preferred thf&ngeghotochronic pl astic |l ens conprising the

phot ochr om c”conpound shoul d devel op a color of a neutral tint such
as grayaar brown. Fordioy pMotepdrendnmiad dompioursl abtd fed tlyisipurmese,
t oget her several _different kinds 15 of hotochrogic cg oungs whi ch
devel op dif f ERenfOLLPBIRY PHPPEXEAEFeaTE TEANOWFH (T ngﬁﬁt EHF 65 ef

conpound (yekboM-£0NBRWIN) Poy ik a i PHAYARRATdHd alt2hv4dRet o AR

nmand a purple to blue photochron c conpound (blue conmpound) having
a maxi num abs®r@gpPbhedt (E60beoreEernat boHBReVeRitipbncesPBERLESRI I ol

[psart od ofleDynLBLe [PLRGM G AL 23, PF PR oo QG OUSE | b difaion

di fference i n photoc ofi ¢ properfies between the ¢
have bees mupdntexpdimere Eorukkaaplielewhinghhe (tepkat refieabedli ty as

the yellow cQ und is, |l o t han jhat af the hlue c und, 25 a

t he phot ochrogrgﬁoﬁl%%ﬂ%areé{%“ﬁ%%s&?r@dﬁ e&ﬁgsgpﬁggpgﬁgﬁneg Cc{}'?%na
probl em t hat t hhesglaselroped tael Pimaratkialtine ebpndestiendofA i rdfidlet
strong blue tint. Furt her, when the color devel opnent

sensitivity hhahtddi waspeast tof thfet e 1R RS0 GRACHI T boRt denmity
t hose of 30 ! e ! | € t

s ng”dovel BOiet Y REAPRAY, (HUPEE Aebarncd o1 R0 IElSA fipnens
a strongoyel semstthtity” hereiafiterossoded & higlh; t{AVS Phobperdcirom

be sol ved by using a single conpound ich has .two ar re.absoyrption
3 maxi nums atHE FREERAT D fe%E‘Sg%@fhﬁ%@ﬁ‘é{}e? R oﬁlggﬁeﬁlgrg}e
tint (doubl et pRak, QMR ebmpbundsrkaawast hati ddherighinaw seapeunes ise

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

(V) the repeat durability of this reversible function should



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

herei nafter) goes beyond 420 nminto the visible range though it has
excel l ent doubl e peak characteristic and practical |evels of color
optical density and fadi ng speed. 10 Bl SCLOSURE OF THE | NVENTI ON
It is therefore an object of the present invention to provide a
chronene conpeuntgwhi aid deVE) opfse ascbblwrl Dy aimeutmatonentgonassition
little initial,coloration, high color optical depsity,_ high go]or
devel opnent ERHEHt ¥4 PEFPBR 4 sRPRATI Y %E%@i‘j %ﬁgejéxggpr% tc'E LS
durability ofnhphetRebhOR @orﬁﬁﬁ@l@l@ﬂtél@@umdbéaﬂigﬁ gbssphvedeén a
monomer conposition which will becone the substrate of an optical
article i n adhspprebptbhEy aipobhe host material i3 wAStPRFCBBF Bi¥hof
the present invent]ongo pley %%o%qcacgﬂﬁégh RaRRts RRl cLQMPAUNd:S Qmd e
manuf act dre of the chrongne 5 conpoun {he present invention.

O her obj ect sequuiiremdeans agdsed atrfee kpoese phriomeert compeihfis baxoimg an

apparent fromthe fol|low ng description. It _is_known that C ound
Vi ng a SUbLEITRRHE habl PTG Gh &1 RLRYBAP doRakr AT 8Bt T £9° LORGbY
to the 6-positépatand(FepOSitdon Pim@let of International Laid-Open
i ndeno( 2, 1-f) napht ho(1, 2-b) pyran structure exhibits high doubl e peak

char act er i st¥@29 he5Eired t y AP hoChi Fatererbi g tohaidngPaBility
as usedher %@oifs@effpﬁsti tuent bonded to the 6-position and the 10
7-position via an oxygen atomor a nitrogen atom However, although

t he above conpoundthaiss hpipf aodil eclpeala ghzrotlerenic @olast haslens
defects such_as | pow fadin ed. large col or_devel oppent heat -at
Foom t emper dF e T SF BRBESHPEofi A, cStur i TRl B Re e P T s er
referred to @ alBeutphl id@intceliohaid afrafyot hrdmchr anésIdr ber £irraldier])

and low durabjlity. Particularly when the electron donating abilities
of the 6-posFitleisapBtRipEE; PY SHGE TogeEher grECE etttk L rrR e didifls

the aboyg deéf%ﬁo%ﬁf@mf@f@o etk JEM ddieeldly et Wiiors,

present invention e 20 conducted intensive studies to solve the

above probl efwr ki, f2oyed loWatoarefirpheheckoapbe mebugpiwid haks laipw
aryl group or_heteroaryl group_int.rodu i he. 65pASiti

el ectron don%?m%%%%$ft ae‘ﬁ%l%aa\?ﬂ?é{lgl%&a%%fjﬁ%gﬁg §Et4gg %‘% %;? q’?r[grag{h
than -0.1 i 4 pogwted: ¢ bl aetgitbdlosiniogohgpsundt @xiasd tempound) having
characteristic properties such as fading speed, initial coloration by

t her mochr oni & AT ADFPTRY-hide 220 aFRi B0 PBh doubl e peak
charact ggi stic. BEvgn.ahen the eleptdondanati ngs abitiiss dut i this
7-position substituent 1s increased, the obtained chronmene conpound

i s char act ermeigdtb@0 varidias preblemticetows dfefbdi poe spekierenee i ap
col oration hy thernochr om . sm . dur.abi | | :

Fur Chor .t n IBRBY L TR SRR T e damviced 25€ SBhEETAL IR nave
appropri at e bengaikaditdgecishor t Poavetangld, waege: lendepeb t @udagiiiliey

range), ‘the col or devel opnent sensitivity js hi n he initial
o onC IR tDE Yoo COrBerEE Tha e Fhep & har BF 2B BLUS cepncsicy
find a pRot ogiy AL HRIRRUBGMR ehasttiicShieds akl ubBe F&AW NTRNES ufor

a photochromc plastic |lens material and acconplished the 5 present

i nvention. TiRer@reesurechazohlap iatydhaddrtkamprdralas gadElly
equation th ifie | ectri . substituent bonded
to an it el gébl?%yoﬁ@%yé e%n%gnf?]ﬁegﬁa%i“gét%ﬁ?ﬁ%llglésg]o%?ati on constant Ka
of p-substituted lFRnAdier aciittn Asulstiliduetgvdilanpmenta smsaft i8riity @and
hydrogen atom _and a 10 s%bséi tue havi ng aré%r pof _| ess than i S a.
substit uent 0 S5 PLeFRE  Yoh! o RASHRIRhiALS yOFRANE BRI ST P
atom 39  #ld kagh cbReolBasorhépe LbiSdHiN@rowlemithanedest hring
effect is unknown, it is presuned that this is due to a 15 resonance
ef fect bet wedgveleoepodias ¢nsarpndgbeup binheddd da® 9T FRBUMNBAGAIHE

i ndeno( 2, 1- fﬂg@@té\%&n&-}%ﬂ/&gr&ﬁg@] et on. Firstly, the

It is considered that this problem can be sclved by

using a single compound which has two or more absorption



. to 14 carbon atons. Preferred exanples of the aryl group include
phenyl group, 1-naphthyl group, 2-naphthyl group, 1-phenanthryl

group, 2-phenanthryl group, 1-anthryl group and 9-anthryl group. 8
The heteroaryl group is preferably a heteroaryl group having 4 to 12
carbon atons. The heteroaryl group is a group which fornms a

car bon- car bopafoREns ogettes i dthexpaeesid Rad 6avbabpat antolor of a
Preferred exanpl es of the heteroaryl group include thienyl grou

furyl group, ReyEFali piRt gfduPlRaaly ICYREoentbt At kPl bipt the
benzofuryl g Vs j I : : h Q3
preferably 1§%¥)Pﬁ‘9ﬂ€o r g%[g@a%%%sé%at]%fg%g\?glgfyFsgregggg%ggﬁlbe@above
het eroaryl ginuwumeioilliGibe FThbseifbueed pmpduydr bayingreobpgheakkysllow
group, hal oal kyl grou ycl oal kyl ,grou al kox [0 1L hQ_group,
heterocyéiicc§¥85poﬂﬁgFﬁ£ §??Fh€¥néﬁﬁgigﬁi?r%a%¥m§ o%ggﬁ%gkéﬁ ed to
an aryl groupafel@nyehespasyb go608pobanyleghihetpbobyiia tbkoni bpogeal
atom cyano group, nitro group, fornyl group,,6 15 hydroxycarbonyl
group, al kyl €eR8bhY| (BRGiRI Al RGKBER LAPSPLIE belp, WhAuP bedthtaim 50 to
aral kyl grou koxy Y, rﬁ&ﬂb : ]
description ggogﬁﬁgeg%e%%%$¥%ﬁV%% %?Qt eségidgg¥$?ﬁ§wgggﬂgo(éhe ratio
<subst it uent obftHERy@2low coldhepalikpll densipty $oprbédrials podnramgical

group having.,1l to 6 carpon at . Preferr X | f \
group i nd ud@EREFRYI 1&@&%, &‘%&%ﬁ?? %?%up?orﬁg%?%%y ag?%%pr,éfeg%lgér%p%/ as
group, n-butydo@hbepPpeskCchatybtgroupict eheérbihyfrgrpup, 25 pentyl

group and hexyl group. The hal oal kyl group is preferabl yanal k
group having 1 to‘%ﬁc%?%dﬁh%ﬁ%ﬂ%r%mhcsﬁ%%?? %@eﬁ%Y%n F¥RoF %%r%Yb

chlorine at om,Qf,Bnonk per AL OPy mEr 8 eEbedreyavrl 8pmehtt haotiBl eapkuk
group include trifluoronethyl group, 30 pentafl uoroethyl group,
chl or onet hyl cgnpopnd 2, chherechaye heenpkandnbeonbAvnds| hgvsng. aThe

cycl oal gro i S.preftera ygl g Lng._.3 .
car bon ons?nggﬁ?g?f%a£g %ﬁ%?%g(gf£t§g£§¥%Poé?#§Fpg¥%ugsiE%§u§%Slc
cycl opropyl greugtofysha@bhiéytegentpd b9 thel bpEhdyingrbompmalas (A) to
cycl ohexyl group. The al koxy group is preferably an al koxy
group having{@ to 6 carbon atons. Preferred exanpl es of the al koxy

group include met haxyedtPURNRINOSMENRES havePH8BRA 018 EBEPimProvement
i sopropoxy group, n-butoxy group, sec-butoxy group and tert-butox

group. offhehanfabdlgrvsug Peinbs. | iThatedis.o ArfHPRRRR - qURE)d
d two h f t .
the subdl t EoprYFRREt i BB SR d BARE 3100, (HEEE c A BRI

6 carbon at ogs, Tat&onytijonap havdnrQgpént WOB1¢apBDB) ahesslowycbdakkyl
group having_ 3 to 8 carbon atons, ary roup. havin to.10 carbon
atons and hg@%V%%?QTeﬁFoﬁﬁnﬁAG?ﬁth'tLogZgﬁg?ﬁgnSBQSﬁsan%xgﬂﬁlEgpﬁ?t
these substigyeabs dfe £HEuFANP-ASIGNODE SaMEs s edcforifliantk iHigh.
substituent. 15 Pref?gred exanpl es of the am no group include am no

YA %ﬁV di met hyl am no group, ethylam no group,
ehyl

group, nethyl ayA

di et hyl am no g (A am no grOﬁBHand di phenyl am no group.
Preferred exa G‘ t he het g I“c3group having 20 a ring nenber
ni trogen atom and bgnhd Lo group or a heteroaryl group

bonded thereto via
pi peri di no group,
N- net hyl pi per azi
het erocycl i cHg¥®up

¢ 2
constant up of |esgpddan OAE

dat om i ncl ude noqggolino group,
group, piperazino group,

ndol i nyl group. Further, the

b a substituent having a Hamrett

. anpl es of the substituent include alkyl
groups such as nethyl group referred exanples of the heterocyclic
group having a substituent ¥ ude 2, 6-di net hyl nor phol i no group,

2, 6- di met hyl pi periai clorgneng aodp3dn2, Représertedney hyhei pellaiing

group. . nggu L%‘. )C a(rrbe%ne)é_l tgrglipar&pﬁllpertefo ' ngrggt %I)Iklgi Cﬁatiboc.)-rygen

WO03/044022) has low double peak characteristic with a

smaller absorption at 430 to 530 nm than an absorption at



.. 25 7-position carbon atom of a benzene ring bonded thereto via the
nitrogen atom A detail ed descripti-on is given of the above
el ectron donor group having a sp of not nore than -0.1. The al kyl
group is generally a group having a Hammatt 30 constant ar, of -0.2
to -0.1. In the present invention, an alkyl group having 1 to 6
carbon atons5%® parér@uhmrly preferred. 1 to 13 hydrogen atons,
particularly preferably 1 to 4 hydrogen atons of the al kyl group
maybe substiyated By’ the above hydroxyl group, al koxy group, am no
group or 1 @ gepdl i ¢ group having a ring nmenber nitrogen atom
and bonded to .‘%\ group bonded thereto via the nitrogen atom
i f 121. The aboveayeterocyclic gr oup
r@6Hiical to the'5 heterocyclic group
the heteroaryl group described in
g% bstituent having a ring nmenber nitrogen
atom and bondad Vi a the !rogen atomis synonynous her ei nbel ow.
Preferred exanpr®s of the al kyl group include nethyl group (up =
-0.10) , 10 ethyl greniorerie cofbAMd , répisanytedoppi@pfsltdwird) |
i sopropyl group, n-butyl group sec-but%! grogf, tert-but%I group (up
= -0.15) , pelyrGilp (&RCRek9I> HROIRELSE of ctearexbipnel ridppen
substitut ed ﬁé(ﬁ)o;ﬂs{]@?‘@) i 4de-oay dhQKY BBt &Y] oBL 0L JBLRRX¥ARIY its
group, 15 N, N-di'net hyl am nonet hyl group and nor phol i nonet hyl group.
The abové cyabhsetkydomyrepgrisiyeitar e yefeyredptaams niphksepoion @’

to -0.1. In the present,inv I | I V]
car bon at onh e A Tan) ZRE b Sns Aep IRl pn A 3 Bad caftnieh
at olms, | Ealrt i Tl o8 }e}ﬂ{)@IHT;lb![q{cgﬂliP@ paa]?%ﬂwb d]:gaefnh' %ttmma Imi preectical
cycl oal ky roup. may_be substitute e aboye r ox oup,
al koxy gr ougj;e‘é%%d:’%r%%]o?r h%?’é%%%ﬁc&%‘&sbﬂﬁu?)n a@?%n% ¥Pﬁ‘g‘5rren‘per
nitrogen atom and bonded to a cycl gal kyl group bonded thereto via the
nitrogen atom or hal ogen aton1dejfr;Eed for the substituent 25 of

c

described for th

substituting th
substituting th
<substituent o

121. Preferred exa | kyl group include cycl opropyl
group, cycl obutyl D group and cycl ohexyl group (ap =
-0.15). Preferred exanp bsadH;ut ed cycl oal ky group i ncl ude
4- hydr oxycycl ohexyl gr ycl ohexyl group and 30 4

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

i nvention, an al kg 1 to 15 carbon atons is
particularly pre
preferably %E &v
substituted 9 t he above hydroxyh, gr oup, al koxy group, am no group,
het erocyclic group having a ring nenber nitrogen atom and bonded to
an al koxy group bonded thereto via the nitrogen 5 atom or hal ogen

atom descri bed for the substit 1. Preferred exanples of the
al koxy &Pou&qﬁﬁﬁQﬁH3$m§%d§éégﬁ%ﬁ%Nf&BE -0.28), ethoxy group (up=
-0.21), n-propoxy & aupthapeford 2R)ob] SOPICIHBKYE PFeYENt invention to-
n- but oxygr oup, sec-butoxygroup, tert-butoxy group, cyclopro qugg
group, cycl ARG \E ITNEPRRRE SYBPewadt Wb %@%ﬁp%y%l%giﬁl Ve
group, norb Thals & y. . O Q =.ad Y,
U GFOUP nals AfBERNL VI 0KY3 O 04 SRtk PR ARG VeI

group. Exanples e substituted al koxy group

met hﬁxlymet hmgfhci;rajupieﬁwsi\ialzgj Lteigtzlmﬁm!mv&bqpngampsar&itimity, high
nor phol i pomet hox rou e_above anino .grpup is ner a a. group
navi ng. &Supciadiries HRFee dnd Trefar il airat fhRy r ERes fe ot Her “an
am no_group drdfdc {&p and leHO)bOrddsSebedd t i el mdhdRe Bl dtipodeion
substituent of the am no group is selected fron1a|k¥ roup having 1

. . | 9 )
to 6 carbon wtigHs WiHdl dedgpe dFhsusursrra§elcioat Bt terbor B o 1 @
al koxy grouq&g%ﬂéghgeﬁgkég&&@ybon atons, cycl oal kyl group having 3

It is another object of the present invention to provide

20 anovel naphthol compound for the manufacture of the chromene



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

sel ected froanydnndybfgtbapprasknkylgvanploaryIoxy group, am no
group and heterocycl.c Houp havi [l and
bonded to the 7- po(g‘f]?‘?%g)bcjarcnts . a o?nngl he n %gg%gg a{% n
Preferred exaiplebeobm&appstrede Bydmoxyik godlpwinsgt aes;zr@pompn
phenoxy group, norpholino group, piperidino group and. dineth

group. R2 is prefetabiSykRoenpdat 4 mﬂ%ﬂqﬂﬁ‘g’é{l‘a‘ Gt sugsEitye %é%avmg
because ig rﬁgyﬁeélééﬂfér@ t%rr%t LeR 1Ry tﬁ@ﬁ&@&hfcpm%aﬁgs§glon and
i ncreases the fading spee The substltuent is nore preferably an

al koxy group?7- poyibxyngcﬁupn andﬁnOQEOQpfbnahbtbﬁdéy@kbépgréup havi ng
a ring menber_nit nd d th i n

Via the nitrB5EHCERSE “aProbrowiraH Ravels Bk BRrAbPErIgEse” T
substituent kgbstbtpaniti Iiabﬂrﬂﬁh)/hpgﬁfelabtyoﬁ dehdapkyg galoiipi tphemoxyed
group, difluoroam np group, or norpholing 8roup <preferred chro

conpound> 5CRErBLnt hE Eh?BﬁﬁﬁétﬁﬁﬁﬁoHﬂﬂge ftPhEhﬁrésBﬁFlFﬁQBn?Pgetﬁﬁ
chr orrenq_é)conpg Bglfﬁﬁﬁe\%‘?@taﬁ{j oRYrgeheat ol oW Ng ik eondatdh. | SHowever,
preferred as it develops a color "of a neutral tint and has little
initial col oedthonghhthé sbbve gpmp@unddbﬁglhygh dOUthgEeﬁHdlng

d and h dur abi | 1 bstit R8
specd and h aheduEeb LLyc, KT, (Rho( BLCELL10ThE SPSLL! g8l o Lol gof?
descri bed henergbetOMOr<&éve15pmehbebgbha&tf@tnn¢em(ﬁ§mpéﬁ§tmseamnder

aryl group or a heteroar grou Ies of the rou are
sane as thos@oeﬁﬁﬂ%ﬁ%ﬁ%d Fg?Fgémgfﬁﬁbﬁgiitﬁ@rggieﬁngt @ @8

same as lESbOVelnggléﬁ?c?ol&éﬁﬁ)@%@vﬁhéﬁﬁﬁbhﬂolﬁgém” R 7l rR ¥ ted19C @M ow
donor group having a ap of not-nbre than -0.1. Exanples of R2 are the

sane as thoséusabitityed Rivgviculmelyrvieen esdmt kac e «nak 9 he
sane as abov £ 3 rs
mdependentl%baggt %%xy Q%%%% posﬁﬁ Pngggﬁge1#%%€§§?EyFE§?BﬁBFEHtS are
cycl oal kyl gfaupheal knzxyegsedp, thé?ahavaodgfeups hetemecmorecmgrbaﬂ
having a ring nenber ni trogen ato g Eﬁ ﬁenzene ring.
bonded thereto vi altfR nfiFo ﬁe%. 8 a g?B%ien tPEeRFbTp, Pave
fornyl @@Upcoﬂﬁgéﬁéﬁcﬂi&wivéféﬂ%1@d kyl s81berite g, problems and
alkoxycarbon% g ou hal ogen atom aral kyl _group, _aral koxy group
aryl group oha¥ey @;@g dirl‘fﬁifpa chromenecgemppunf sgpl CIRNagm gnRATY egre%h‘il’l

preferably agrahé%érgéegf Q@e@g aFtB?@lc&&fPR o3 QB - §@é9@ié§ﬂl

having 1 to carbon at group aV|ng 3 15 carbon 10
atonms, al koxylgeoupn hasnag éulb@tiﬁueﬂt Hosv at@res Haamietr gomspant op of

h [ h d._bonded
benzenc. 1 ngPbrHBEL heFB: o0yt PhECRRPPRQERCR: BRC. AT RGPEkPaRngrS

group hay ngeﬁcéQl@nﬁaébé)ﬁa@t@f@st&bkFtMpé{f’@QQw s@ERUPs head g 2speed,
car bon at ons, halogen atom 15 aral kyl group having_ 7_to 11 carbaon

atons, aral kéRjtia u%oﬁﬁﬁﬁﬁgoﬁ by E@eéﬁ?ﬁﬁﬁoﬁ%%ﬁsan%rﬁmrﬁPbbbtﬁdﬁh¥kF
6 to 10 car b%t%% hi gﬁyEBﬁ}ﬂlgr BERKNAYLERG Bel-@stPcCar B %l?éﬁ the

Exanpl es of e sane as those enunerated for R2, the
substi t uent eled:ﬂ?oartﬂiomt:lzz@%phxtymﬁ ditley 7ppefsetabnyshh§tatuent is

t | | LI bst.it t.t d
Thererorer paptearar: IR a R Rt b dinkl £r WnaREE eri zea
Meanwhi lze Rﬂnl Shet ei}% azbiducaalfmﬁhf egeEadion Epbedi Sif)thal arobbest tan

absorbing group as a high fading speed is 25 obtained. \Wen the_ group
R4 is an eIebYrBheﬁﬁgﬁhﬁPﬁgsﬁréﬁﬁ dﬁﬁébéﬂéﬁﬁ RES| §XhrEELYbPPahdnded

to the 11-pog|LiA8yCAHOLLAL2P §8nfdiid BE £ 13C aBbSeA Snddiend 34 8181 stent

at an appropriate range (not too short wavelength range and

not a visible range), the color development sensitivity is



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

(4- pi peridi nophenyl) - et henyl group, (4-nméthoxyphenyl)-ethenyl group,
(2- met hoxypheny1l) - et henyl group, phenyl-I-nethyl ethenyl group,.

(4- nethoxypH@ngn)andr@h¢ndnﬂ¢mm@lCqﬁQﬂﬁtlQﬂmﬁH& -to fthprajemaigtdon end
group, 30 ( e 9

2-t hi enyl - et%%’\%ﬁl\t%i%Up ur% eﬁ%/lc]od‘{rloéq 18 % %Or‘q{%mlcl

2- (N- et hyl )@Mﬁp@thm@yxbhﬁ&mmhgfm@ aPt benéomq@nyémemhenybrgaoup,
2- benzof uranyl - et henyl . group anpd 2- N—neth |ndonI-ethe£¥ éouB
5/n the aboV%hQ%@%%¥%m%qqpl¢ﬁEl?s S drgte + Lp2Ri ACHeTR %?% e

group a QupS oge ;en
R e T e
Vi evvp0| nt ofom rtéleeblsylmacquequatDnndtha’@mtérﬁlﬁssth@O@l%@éﬁ‘écﬁffECt

exanpl es of the r sent t he_abhove fornu

phenyl - et hyn?/jr: aggblg’ﬁgl e % ﬁgttﬁ?la%\’nitn %%%%)S-Y&% F @?% paSlS
(4-nor phol i f@ﬂﬁ&&ydisﬁdiwwiombomtaﬁ‘t-m perp-cbummheiwt]ed béh;myb acid.
group, 15 (4-nethoxy phengé% et hynyl group, (4-nethylphenyl)- ethytyl
group, (2-nekhespphikyant Rayigd @r%ﬁ’fz‘ltllfﬁ éh;}TY FERYY |2t RHu
2-furyl zethy | |

2- benzo %len£¥$e€£ g?tg%%ﬁ%gﬁé é%?% u%h%@ %yny hﬁggggﬁent]miffng
2- (N—nethyl)hn@b¢yleb¢hWn9¢ depoaping ablllEXaﬁhﬁ@sath@ﬁ@g%@yﬁtgmoup
and the heteroaryl group represented by R5 and R6 are the sanme as
those enunerated for 121. Exanples of the alkyl group are the sane as
t hose enumer at ed fRrclidesls Hisd ireseain cﬁerﬂ:thSﬁSngnsiucﬁlﬁ mmxtm{pmtcmﬁ
together to forman, aliphati c hydrocarbon ring_together wt

carbon at om ®bheek %%é¥£¥%9wn' 1e' L3 ?*%f%??@dtgignﬁ?%§ bf &“% to a

al i phat hg hygdL96R4008 &f flct NSé tHBeRUERBNE 24p8s 1t N8n @r?]{%@@@pa@ﬁ
ring, norbornane ring 30 and fluorene ring To obtain

excel | ent phm*@%m@m’b W@pﬁr@ﬁ%sﬂ(eﬂdu‘kﬂ@cp@akl‘cmmtéﬁ Gl i % Ry ran
fading speed), . % gast one of R5 and R6, preferably both are each

desirably an ary group or a heteroaryl group. Further, at |east one
of R5 and R6, 20 piwedtelablohebptrhsane Ba*cdmtim riabhyclhngmene afmpdied

havi ng an ol kST 1@&%5%&%#&%8%9 Ghbad 2L R Rl Prage TerRr Gy

group or heteroaf group having an am no group as a substituent
(rit) aryl grouplb het eroaryl group having a heterocyclic group
having a ring F Tt rogen at om and bonded to an aryl group or a

het eroaryl grQ
t he above aryl —gr oup
the total nunber of Y¥
obtai n excel | ent photochr gm grerties, whem the aryl group is a
phenyl group, the 1 i [ position is preferably the
3-position or the irtion @1d the nunber of the substituents is
preferably 1 to 2 pl es of the aryl group include 4-nethyl phenyl
group, 4- nethoxyo- yL2group, 3, 4-di met hoxyphenyl group,

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

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

3- (N, N-di_net hyl | d ..
4-(2. 6- 4ot hyl pf pBt FAREON PR MHodag 1 2P b aTE RAPeF A roasy?
groups (i) t@r&t%l)rﬁtﬂg 3h &ub&tmbmtﬂ@ﬁoﬁogmbm@n&a&ﬁﬁgtheHhmmatt

nunber of the substituents are not particularly limted. The nunber
of the substtonshast|g pfehetamoyel thepet-@rled exanpl es of the

het eroaryl group 'é@%dﬂﬁﬁf{r%ﬂé“ﬁ@%E%ﬁ@yinﬁgﬁﬁEbn is a photochromic

curable composition comprising the above chromene compound

e 10nitrogen atom as a substituent In
|) the substitution positions and

25 of the present invention and polymerizable monomers.



~In the present invention, exanples of substituents of R7 and R8 are
each preferably a hydroxyl group, alkyl group 15 or al koxy group, or
forma ring together with the 13-position carbon atom bonded t hereto.
An exanpl e of the alkyl group is a nethyl;, group and an exanple of the
al koxy group is a nethoxy group. Qut of these preferred substituents,
R7 and R8 pref erabtyi Q1) atkié NSré 88t Nehvaht ok hes 13- pRSt btRRokaE bon
20 atomto accelerate the fading speed _and reduce initial coloration
by t her nochrepfsaahharielede diaving W §oloves nepereaPradnst tserRin1Ng
O ohar PeaK, e BRESHLAL SonflufRToRCALELECADNY 1ALENLIEN R0 Bersed
al i phatic ring or e above tondensed polycyclic ring having a
aromati c ringherean 25 aroonttttheherwembag.condensed to the above
aliphatic ring as the_ fading speed begones especially .high. R7 and
e F1cul &1y bt of 1RGPS TOTIEE HEGEB OV SPF BREPE ARG 14 L G S L
speed beconesrte18ighestg ad dpiibadl sGBEeFatE0A1 DYort RRIVIDERT 911 Bl st
reduces. 30The partlcular?y preferred aliphatic ring formed by 127
and R8 is anclgiphiaas pfdrivkeh Benceard wild amolamemniile containing
hydr ocar bon r{ng b rj
Thi's aii phat RS hsRFSRERECkInpatnd L, e bPORERE EhvERLEAN 81 Ofraca
sel ected frothéheinraspacoosssitugndf mankgt. 23 group having 1 to 6
carbon atons, hal oal kyl gr aving_1 to 6 carbon _atons,. cycl oal kyl
roup ha¥i g’ 3 to 35 s BoRERRIRE SFREEF GG AR hGoR 45 PR o
atons, anm No-GhesRndafaldty i s04 ardw havkergal Eomddus@rdeantBk GFodBétd on
group having 56 to 10 carbon atons _and hal ogen atom This
substituted @fi phat FRrepeRecaPBRAURingti shal B5epeBE i PEEE ERBND| es of
t he al kyl group, hal oal kyl group, cycloal kyl group, al koxy group,
“am no group, aral kyl group, aryl group and hal ogen atom are the sane
as those enurBsatMUDE OFOR2CARREINGLCOUTt TEHt INVENTI®RY and R2.
More preferred ex | es of the aliphatic drocarbon ring_include
nonocycﬁé rings su eé@“%§%¥5bgﬁpgﬁgnpiﬂﬁﬁﬁgﬁéFﬁﬁ% énygﬁb}on- as an
cycl ohept anei id&8o (2YCl OPGABRELS ( DO2 aBFip ey &h OsORaGEuFé NEeple st €l by
rings such as norbornane ring and 15 bic%clononane ring, and tricyclo
in

rings such ashadbeve R . (A BshabecPRFaFoBEPBBROP ngs h &R %He
| east one lo(\.‘@rﬁp&ll‘lﬁloﬂr 2 %ﬂ‘ké@eﬂtoinbéﬁﬁiSErHQQ 8h OBy PUSPoRS or a
met hyl group are also preferted. Qut of these, a nonocytlo ring

exhi bits a peetécodnyl \wmxgebkerhe &-postitdeon ofrdtridbesiionskedeton and

coloration by thernmochrom smwhile retaining_high color optica
donsi ty20ni giP oL HoAC i Hn SAET 8, PEY LB SN FHITRE T A HY Thoda, Of not
In the presefdré et Fon) dbhen®stppeeteonedlexesty) amkdhot be poswible

formed by bonding together the groups R2 and R8 25,tog§éher wi th the
13- posi ti on Ear®eveheBnt eHe CeHRY e2h AP wirRs Tt ettty Wikele

fol | owi ng forgu Agind 28 1feld OMbPIchLERYE Fhoddi® i . DOR AP @it #@on
position denoted b?n#B I's the igﬁgos?giqn cgéﬁgn agbn1of t he abgie
pyran structisefirst given of Kutamst R’hdnalsbee fenudpcl(d)rings,
cycloocésne ring, cyclononane ring and 3, 3,5, 5-tetranet hyl cycl ohexane
ring 5 e nost preferred. (preferred exanples of chronene conpound)

I n the presesm’s nvention, particularly preferred exanpl es of the
chronmene conpound are the follow.ng 10 conmpounds. 25 C). . .
(identification of® cHPéMBN&S AMPRiTdHEUent °Ia?dbEHeFE?,6T?ﬁ%%§ﬂ?ﬁ@%@
conpound of {he Presehtz | DVEMAORhS (BXE SEPPIras Sh-@ehiaiatd Gn ldght
yellow or light 5 green solid or viscous li'quid at normal tenperature
and normal pyesyprer apadnehproarebngiewed by the fol | owi ng neans (1)

to (3). ,,26 (1) t r I;gg gaggg;i r n g
(" H NWR Oof t he XE&%%é%%Ygéﬁ%%g%SH% né%sure ’z%%éﬁégbgggﬁu%ﬁﬁgh. 6
aromati ¢ protontancatiben paodes. ofPef el kaheexappeiars aif &l aarydurckdud

to 9.0 m and peaks based 5on the protons of an al kyl gro and an
PP inciude phenyl group, 1fhaph£hyl group, anékhéﬂ§l group,

1-phenanthryl group, 2-phenanthryl group, l-anthryl group
and 9-anthryl group.



10 tenperature is preferably O to 200C. An aprotic organic sol vent
such as N-nethyl pyrrolidone, dinmethyl formam de, tetrahydrofuran,
benzene or toluene is preferably used as the solvent. The nmethod of
purifying the product obtained by the abave reaction is not
particularly limted. For 15 exanple, the product is subjected to
silica gel colum T iHdteatdanrylang ol i Sesreiatf e abjietercaryl group
re-crystallization. The napht hol conpound represented by the
above for nul BY5RIi% Epr b/ ic@edPoas 2 a8y el TR @3By 1t BEOPP et IrOUp

i nvention. Pue{ e e 2Rk e ric iR BBRE Relg <t e e %@ieréaﬁ@@ﬂ‘ic%j

by the above fornula (5) are conpounds repreSented by the follow ng
f ormul as. egrboGrBom. @rMsferre@Examples Gflitrke yhelguhednyl group

conpounds. can n L zed d en_reaction t hods.descri in
research%bap%?gfgé%h£§§SEYpa Qﬁﬁgt gPrrﬁt rRa fgﬁgrrggfgyipgﬁgs !

W01/ 60881 apgradpanghbead, obehnbehhahi-Dnalkolipi dbepeofWBPD/ §284p5and
5The napht hol conpound_represented by the above fornula (5) can be

synt hesi zed BRPFEPYHHRLIRHE SXgHB! e. First of all, a

carboxylic acid repfesgpicshdly dignd 0lrQWdIGH19F UL ﬁ7ﬁy@§6’%&§_atoms
purchased as a commercially avail abl e product or nmay be synthesized

based on t heoflOtliel dloviegadpt ugeens ¢R3tLRe EBere dretexoaley APl nae

above fqrmula_(2)... i lorin o] om t L odi {

or the S BF oo et Sa & RYREREn Brolbo R IRyE Gl DA e She
brom ne at ongroedj neyaloalleylt eosppeakoxnp gsot, i amihe §ovap| a

2)). (R3)a (7 HOOCX;, 15 . For exanple, a carpoxylic acid
§e|)03 esént Ld %?t%ﬁ%cir’%ﬁ%m%au?o]?%’r%g(%)r n& BRRRE CHESEESR afom and

conmer ci al | yhaN@bd al 8nPi LY roup oYX tdb40F1 & Bonded thereto
carboxylic acid represented by the following fornmula (9) can be

synt hesi zed vasd&dieonl bregaR @t nEYADE TN i BeHrPrIT@ibafenMpa QP
such as ;dour 1 oJo{! : - 27" e
conpoun& (7) Srg%%%gf?égﬁgkf%hﬁgi§ESE¥SF%%8%§3 %gﬁﬁﬁ'tiﬁﬁﬁﬁﬁca yl
chloride or grahy| kalogedeattme acatkyhl grode, i sratkokepdgnoth, aaryl
Gignard reagent to groguce a conpo%ﬁg 5 represent ed g% t he L Ilqmnqg
formula (10)9¥PP QFo2FHORY & Ryef FrdtS Fhtl htCRgsy, EVPEFHIF ?%)933"8,
and_then whegs X el g@bgtgt@@ﬁhsa chIorine atom brom ne atom or
iodine atom they are converted into desired R3- and R2 by maki ng use

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

reactiogato g#ﬁé ; B, &0, h represented by the followi ng fornula
(11) . 20'° 2 e@%%%ve 6§ﬁ3§dhd (11) is subjected to a Stobbe

reaction 15 and a Theldaldatl arowacis raieciitlar mra Ldnppowwgmbup having

represented by the follow f or nul 12). . 2 1]n the

Compound of T1H PoFRaPSR(1oyE R | EHEF ek aiep PRoRPE 4 Bct group

conpound usethdTudd aebhgbers8a¢ dtens1 é'hé‘ﬁ%{ tﬂ)@ax@pmogﬂdu 12)sdfropyl
0}

hydrol yzed by using an alkal.i or acid to ain a carboxylic acid
repr esent ed FPHhe FIPHER g SUP or FEF 208} . IVOWP ( 1B§rE dpptyl group,

25 pentyl group and hexyl group.
The haloalkyl group is preferably an alkyl group having
1 to 6 carbon atoms and substituted by a fluorine atom,
chlorine atom or bromine atom. Preferred examples of the
haloalkyl group include trifluoromethyl group,
30 pentaflucroethyl group, chloromethyl group, 2-chloroethyl
group and bromomethyl group.
The cycloalkyl group is preferably a cycloalkyl group
having 3 to 8 carbon atoms. Preferred examples of the

cycloalkyl group include cyclopropyl group, cyclobutyl group,



(R3); Rl The carboxylic acid is benzylated by using a base such as
pot assi um car bonate and benzyl chloride and then hydrol yzed by using
an alkali or acid to obtain a benzyl protected carboxylic acid
represented by the following formula (14)s. 00H (R b (14) OBn (R. RL
10 The benzyl protected carboxylic acid is converted into an am ne by
a met hod suctyalofentylsgreapr angeagnlohéyimgnonpar r angenent or

Lossen rearrangement d a diazoniumsalt is prepared fromthe am ne
by a met hod Known T O BT OUPaL B LA SRR LY SIh GrErYed PHP oy 110
broni de through, @ d8r SRR . I eaelfieefcdl ekBfplEkent amé bhRoAPtPdGS

brom de is reacted with magnesiumor |lithiumto prepare an organic
met al conmpoubEClUdesMOERANY cIREYNRl eBRPBYINATPYPr eBCPEAPAKY hIHCORRE one

|t he above ToPRaPay of) a0 BPYEEsk Sratl) EA°PERNT EEelE e o

10 m nut es tpedthobutsxpndrbhpn subjected to a debenzyl ation reaction

wi th hydrogen and pal |l adi um carbon to obtain an al cohol represen
by the fol Low ng  ToF AILEQ Eapup 1= SoRnkinrs o el SPBY: ol

this al cohol zhg 6R&TbLIHYt hpdrdfeh CadFRE 108 dOF Nhaties sk hawed.
under a neutral to acid condition to synthesize a naphthol conmpound

of interest F&ppebentldthy sweshbevent aintihg Fwino gyeuméngpyde alkyl

reaction,, th it i b r gani ‘
10 the Egt ongrgrng%rlté%‘g%%%? by ﬁ]ga[ai%c?\?leg}égp%ﬂl gm({%%cge?gbbl?eg erg]g?yi to
sel ect ed froth@rlamyetofsl: ¢Pclioalbyl imimhaninigo} to Bhearkavtdtmms,
tenperature is preferably .-80 _tp 70C. aprotic or i.c solvent such
ae i et hyl - cRREF SHEHE DRV O BR. LD GETS: QBRoNT EoRr e B P
used as 15 thgvsedweab. 1T kerbdredebmsr aftsansbes icthéséhaisdeiohsints
represented by the above fornula (16) under the peutral to acid

condi ti on i s2pP e &8N BaErtheTe SMUtRratschioanR adnd £&8 AR SR tas
acetic agid, gP&ﬁéPf@a Uk L@l o5 Wiel! 5&%@011:[901196%@@&&8' dRME A,
p-tol uenesulfonic acid or "acid 20 alumna. The acid catalyst is

pref erabl y usetdhyhaminanwoep of dimathy! i ma rageody, viedlghtanme guavp,
100 parts by. weigh f_the al coh f.the abov o] | Q.

this reacti o‘?ﬁe%ﬁyg%‘rg%?% cg%sug*gahi %Ig %éérﬁ%ngu%ﬁggé %Ig{ir(gﬁé%g%}f’]u?]g%?o
benzene 33 @rolypl uene i s used. The propargyl al cohol conpound

represented by the above fornmula (6) can be easily synthesized, faor

exanpl e, by react i?ﬁ%ﬁ%%rﬁé‘%&%rﬂf s eré‘?)"cﬁ@?%gﬁd: (HEY A 9

formul ax@6) é("'f:[‘hﬁ Rt 3Gaindfe aW%?hﬁ?ﬁ%ﬁ&Qdaﬁ& bhhaM group or
e

acetylide. he chronene conpound o present invention which
i s synt hesi zadhesedezty] bedoubovendedsehervstoeviai phannatueaen yatomn

organi c sol ven h e or %@ 0 a (%
When t he chrjb?rcté%%é‘]% or?r%go%llllﬂ%i ?%gr %E‘gu e éﬂﬁg{% o%%gjftl%f 2%?%9 %%Yl
di ssol ved i ngtdiys, splpenizihbegpbinj Nkdmsohylpbpetrazipoegablyy ahdost
achromati ¢ and_transparent and shows arl_'\e cel | ent ptochrom c

function t hatP9elHeVel TrUR- Ororieh riis X IEYR [RY Ve
15 or ubtravi i rsi @+ i g nal

achr OI’TB.![Z :sc sé[l %%%%%%@E%‘%ﬁ%k%r% %%q% :Hoﬁ%.ta?lgo?r)sﬁiﬁfatiﬂ%én@v&%aﬁ 0
anot her photEsmphes ebnpoangusbaritesnh inelede opbkel conpaRadseeh tde
present 20 i | vel 0 ' ' I '

Ty be. used THCAPHOEE on ot e FuAeief o Fhie AbbeBlykl 8¢ Jrodd
obt ai n vari dusviey ar subegditnedttainal piet e dbmet hehsorgingl kimowroup,

conmpound maybe used wi thout restrictions as_the photochrom ¢ conpound
to be conbi n%dsvﬁ%‘ﬁ.&l@ ELHHRP HEESEP [ #8T ochr oni ¢ conpound i ncl ude

ful gi dezof ul g 31 gles - SOt ¥ APXEEY 181 8L EMRONBAGup . QUt of these, a
chronene conpound is particularly preferred because it can keep a .
col or uniform at tThe elkEleprbonyt Tenn spmunisrabaansigkidarrbonyl

suppress a cQlQt, $ALhihg® J ARl e SR O SVl QRIPRL il fel A H1R 030

include acetyl group and ethylcarbonyl group.

The alkoxycarbonyl group is preferably an



, conpoeund of the present invention or another chronmene conpound shoul d
be 0.001 to 10 parts by mass based on 100 25 parts by mass of the
total of all the polynerizable nononers. Stated nore specifically,
nmore preferably, in the case of a thin f{hmsuch as a coating film
(for exanple, a thin filmhaving a thickness of about 100 pm , col or
shoul d be coalkekiedrbynubidupidb i igr 5. o pachsboy aasasof Fiheferred
chronmene 30 conpound of the_present invention and 0.001 to 5.0Q parts
by mass of af6tHetesntBRERRL cORpOUAE BESRA*BRATBBEAr P5°8Y #BYs of
the coating {{h8kPkaphbndl épguﬁplynerizable nmononer s whi ch provide
the coating film~™In the caSe of a thick cured material (having a

t hi ckness of 1 nMmBxamples ¢bHrthxadmplegen aencarerfihonisge bartom,
controlled b .hg 0,001 t . chr onene
conpound%bf ¥%géﬁ%%%e%gg?hvgﬁg?%ﬁéagggﬁ.8%§n?§868é %gg?'by mass of
anot her chronene crmganadkiasetown i 506kt sb by anrpssa Oty heoupi ldkving
cured material or_all of the 5 polynerizapl e nononers MhiChA%& vi de

the thick cuf & hhCerPar atdtapi Iﬁ%‘é'}ertr& FeBrbrRed W R 2AF TGP
the_ChfO”EPeiEEﬁE@H@%d%&ﬂéﬁb@ﬁ??ﬁ@h.%%ﬂﬂ%ﬁﬁ%é%ﬁ B@%ngug&o%wwﬁ%éuﬁy
as it is, its durability can be urt%%r enhance by using the
fol | owi ng ul phexybbetyabgvebenandopabbihysnabhylz8rodp- ant i oxi dant .
As the yl traviol et SOr u rayi 0 S
such asﬂgenzophenéﬁggﬁgge %%gg%ﬁﬁgg,fggp%é§%%§##%zo ég %%% é£@ﬁ$
conpounds, chanbagryl abeibasadbonnpbonds, BidBwreed bevsep osspei nose
and benzoat e- based conpounds. noacryl at e- based conpou d
onzophenonce BALEE RSO dei e SEA o G phgr ehd e PR oy
above ul traviphep. absorbent is used in an amount 20 of 0.001 to 5

parts by masS based on 100 parts by mass of the total_ of all the
pol yreri zabl e nondfEe SSF¥ik| TP We 15 RSNy chpoiint DFotthd faxerft

inventionp, it ptrod n ct. { 1 Y. 3@&91

as the g%tié%? %?aﬁ%ﬁ??@r?gé% 'kgg§%ﬂ%9ﬁ%%?%§{ é%%?gﬁﬁﬁggﬁggﬁé aé’
the 25 anti okndbude piesrylt geoapove rplitdatl grabplazee -aaghihyil gyaraignt
are each used in anougt of 0.01.to 10 artf b n%ﬁg based oqlloo

parts by mass of tHe E&¥aP*ErILrP t"ﬁeplf)%‘?‘%%l? %ﬁ\élaer ohErF §UP having
i ncl udi ng t he e ®eRRScaRaNd afir-dfeg-reideseithpl &y &t t1ed artheyy group
produce an effect. 30 (use of chronene coggound) A photochrom c

conposi ti on terhRds| HRCREBY cHESWRNel cORPBERERWT 9T ABP pRrRdeArt ARG ERPKYN
and a c%&onqggoégnpound represented by the above formula (1) (17) or
(18) exhibit t he sane phot ochrom c properties even in a pol yner
solid matrix. The polymer solid matrix is not particularly limted if
t he chronene conpound.of,the present invention can be uniformy

di spersed t hePEF ?rf§%ﬁéfhs of the polymer 5 conpound optically
preferred for the qot yiefhs Qiriclhp®aRY,i Anidistugecthperaimiplpsttic 1 a5 fson
such as nethyl polyacrylate, ethyl polyacrylate, nethyl ,

pol ynet hacr yR&@BS bEHpFeheryast AAERYPat &F BEPYEESSF eeCompound having

pol yacr yloni é}Eé::!ﬁfle Iecli%b‘ﬂﬂl))é p@hﬁq}ﬁ?é.rat S gﬁifé angeendQiRUpdeikariy

hydr oxyet hyl net hacry e pol ydi e oxane and pol ycar bonat €.
A phot ochr onexcebhgos idduwn « prakl sbabacperpared angd mmighngothe optical

hot ochr om it] i Si the ch
resent | mveAETBRCEndt (TR TnPknEhdde abalifotl s he ot el o tath, P he
above fornmul gudditutdd)ppeféd8dlwi b ¥asubusipatybeha?ihled PGSt S

bef ore pol yneri zati on tozﬁrepare a photochrom c curabl e conposition
and pol ynericomgtane @uréhg 3 (00 @atmere &0 ckied Hhatker) alPEdri@H fmy

t he phot,achr om 1.} 1,0 Lt ' e i 0oF
o noty SU EREEUEP S ORUBLLELULY KPR SPAAbRSLE Satatte o0 o
conposi ti on €bnP icsi mprehgophesscthamni-© -GonpEShtérmore tdpe privs@itly
Invention angd, %?:3}10&§088'§6}:”§cri't2uacbe'o? byPIORG%t one grcni% RDPLOEDE A
the group consisting of hydroxyl group, alkoxy group, amino

group, heterocyclic group having a ring member nitrogen atom



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

benzyl met hacryl ate, phenyl nethacrylate amd 20 2- hydroxyet hyl

nmet hacryl ate; fumarate conpounds such as diethyl funarate and

di phenyl funandtisonddd dacayl atrglagdotiloomeddrhchdratte edapbhadsi suoden
as methyl thioacrylate, benzyl thioacrylate and benzyl
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1 to 4 hydrogen atoms of the alkyl group may be substituted

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

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

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

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

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

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

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

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

difluoroamino group; and haloalkylamino groups such as
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Napht hol derivative Propargyl alcohol derivative 6 H3c cH3 cH3
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bis(trifluoromethyl}amino group.

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

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

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

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

20 include 2, 6-dimethylmorpholino group,
2,6-dimethylpiperidinc group,
2,2,6,6-tetramethylpiperidino group, 2-fluoromorpholino
group and 2,6-difluoromorpholino group.

The aryloxy group is generally a group having a op of

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

The aralkyl group is generally a group having a op of

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

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

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

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

by these substituents have a 6, of not more than -0.1 as well.

<preferred R?*>

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

bonded to the 7-position carbon atom via the nitrogen atom,

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



. Table 1 (continued) Exanple No. Raw materials Product Yield rate (%
Napht hol derivative Propargyl alcohol derivative 1 0cH. 3 41, H3
at OHii,co ----- 40 ocH3 ocH3 OCH3 = HO, OCH3 ft* H300 M 40 SP cH3
cH, 4111 ocH3 ocH3 71 ocH3 H3 se1 O 1 1 aikH3 WII CHIS O
OH 11300 40 0.3 0.3 '
particularly preferably a methoxy group, phenoxy group,

difluoroamino group or morpholino group.

<preferred chromene compound>

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

high fading speed and high durability.

@)

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

hereinbelow.

<R'>

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

same as above.

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

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

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

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

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

When “b” is an integer of 2 to 4, a plurality of R*/ s may
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(conti nued) Exanple No. Raw materials Product Yield rate (96)
Napht hol derivative Propargyl al cohol degivative 14 NC ai k cH3
grip CH3 110 41004 H3CO At

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

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

as those enumerated above.

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

group
—(—CZCH—)—Rg 3)
' m
éw
10
CEC R (4)
ez
In the above formula (3), R’ is an aryl group or a
hetercaryl group. Examples of the aryl group and the
heterocaryl group are the same as those enumerated for R*.
15 R!® is a hydrogen atom, alkyl group or halogen atom.

Examples of the alkyl group include methyl group, ethyl group
and propyl group. Examples of the halogen atom are fluorine
atom, chlorine atom, bromine atom and iodine atom.
“m” is an integer of 1 to 3. “m” is preferably 1 from
20 thé viewpoint of the acquisition of raw materials.
Preferred examples of the group represented by the
above formula (3) include phenyl-ethenyl group,
(4- (N,N-dimethylamino)phenyl) -ethenyl group,
(4-morpholinophenyl} -ethenyl group,
25 {4-piperidinophenyl} -ethenyl group,
{4-methoxyphenyl) -ethenyl group,
(2-methoxyphenyl) -ethenyl group, phenyl-l-methylethenyl
group, (4-methoxyphenyl)-1-methylethenyl group,
phenyl-1-fluorcethenyl group,
30 (4- (N,N-dimethylamino)phenyl) -1-fluoroethenyl group,
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2-thienyl-ethenyl group, 2-furyl—gthenyl group,

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

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

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

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

15 (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-ethynyl group, 2-benzofuranyl-ethynyl group

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

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

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

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

30 and fluorene ring.

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

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

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

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

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

In the above aryl groups (i) to (iii), the substitution
positions and the total number of the substituents are not
particularly limited. To obtain excellent photochromic
properties, when the aryl group is a phenyl group, the
substitution position is preferably the 3-position or the
4-position and the number of the substituents is preferably
1 to 2. Examples of the aryl group include 4-methylphenyl
group, 4-methoxyphenyl group, 3,4-dimethoxyphenyl group,
4-n-propoxyphenyl group, 4- (N,N-dimethylamino)phenyl group,
4- (N,N-diethylamino)phenyl group,

4- (N,N-diphenylamino)phenyl group, 4-mopholinophenyl group,
4-piperidinophenyl group, 3-(N,N-dimethylamino)phenyl
group and 4-(2,G-dimethylpiperidinb)phenyl group.

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

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

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

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

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

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

R7 and R® may be bonded together to form an aliphatic
ring having 3 to 20 ring member carbon atoms, condensed
polycyclic ring having an aromatic ring or an aromatic hetero |
ring condensed to the above aliphatic ring, hetero ring
having 3 to 20 ring member atoms, or condensed polycyclic
ring having an aromatic ring or an aromatic hetero ring
condenséd to the above hetero ring together with the
13-position carbon atom bonded thereto.

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

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

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

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

dihydrobenzothiophene ring.

<particularly preferred R’ and R®>

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

The particularly preferred aliphatic ring formed by
R7 and R® is an aliphatic hydroéarbon ring, and the aliphatic
hydrocarbon ring preferably has 3 to 20 ring member carbon
atoms. This aliphatic hydrocarbon ring may have at least

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

10 of R' and R®.

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

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

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

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

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

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

structure.
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Doubl e peak characteristic (Ay/AB) : This is the ratio of color
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(identification of chromene compound)
In general, the chromene compound of the present
invention is existent as an achromatic, light yellow or light
5 green solid or viscous liquid at normal temperature and

normal pressure and can be confirmed by the following means

(1) to (3).
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(1) When the proton nuclear magnetic resonance spectrum
(*H-NMR) of the chromene compound is measured, peaks
based on an aromatic proton and the proton of an alkene
appear at 8 of around 5.0 to 9.0 ppm and peaks based
on the protons of an alkyl group and an alkylene group
appear at 8 of around 1.0 to 4.0 ppm. By comparing these
spectral intensities relatively, the number of the
protons of each bond can be known.

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

(3) When the *C-nuclear magnetic resonance spectrum
(**C-NMR) of the chromene compound is measured, a peak
based on the carbon of an aromatic hydrocarbon group
appears at & of around 110 to 160 ppm, peaks based on
the carbons 6f an alkene and an alkyne appear at & of
around 80 to 140 ppm, and peaks based on the carbons
of an alkyl group and an alkylene group appear at § of
around 20 to 80 ppm.

(production of chromene compound)

The chromene compound of the present invention may be
produced by any synthesis method. For example, the chromene
compound represented by the above formula (2) can be
advantageously produced by the following method. 1In the
following description, symbols in the formulas are as defined
in the above formulas unless otherwise stated.

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

catalyst.
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||€<OH

The reaction ratio of the naphthol compound to the

propargyl alcohol compound is preferably selected from a
range of 1:10 to 10:1 {molar ratio). The acid catalyst is
preferably selected from sulfuric acid, benzenesulfonic acid,
p-toluenesulfonic acid and acid alumina. The acid catalyst
is preferably used in an amount of 0.1 to 10 parts by weight
based on 100 parts by weight of the total of the naphthol
compound and the propargyl alcohol compound. The reaction
temperature is preferably 0 to 200°C. An aprotic organic
solvent such as N-methylpyrrolidone, dimethyl formamide,
tetrahydrofuran, benzene or toluene is preferably used as
the solvent. The method of purifying the product obtained
by the above reaction is not particularly limited. For
example, the product is subjected to silica gel column
purification and further purified by re-crystallization.
The naphthol compound represented by the above formula
(5) is provided as a novel compound by the present invention.
Preferred examples of the naphthol compound
represented by the above formula (5) are compounds

represented by the following formulas.
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Ordinary naphthol compounds can be synthesized based
on reaction methods described in research papers such as a
pamphlet of International Laid-Open WO01/60881 and a
pamphlet of International Laid-Open W0O05/028465.

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

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

the formula (2)).

(R
A"

| = (7)
HOOC = X2

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

available product.

Br
(8)
HOOC Cl

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

Society. 20-27; 1927.



E (--(mu) 9LS 991' 999 091' SLS L917 ELS 091' 8LS ELI' r0 0 00 21 z E
OC) TTZTET VI STU) ri P4 EO it Z X 111 9Z LZ 8Z 6Z CE 56
Conparative Exanples 1 to 6 For conparison, photochromc

pl astic | enses were obtained and their characteristic properties were
eval uated in the sanme manner as in Exanple 16 except that conpounds 5
represented by the following formulas (A) to (F) were used. The
results are shown in bleBt. 57 OCH3 OCH3

(9)
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The compound (7) is converted into acid chloride by
using thionyl chloride or oxalyl chloride, the acid chloride
is reacted with a Grignard reagent to produce a compound

5 represented by the following formula (10} (R? and “b” are
as defined in the above formula (2)), and then when X' and

X? are each a chlorine atom, bromine atom or iodine atom,
they are converted into desired R' and R? by making use of

a Suzuki-Miura reaction or a Buchwald-Hartwig cross-coupling

10 reaction to obtain a compound represented by the following

- formula (11).

(R y R
AN a
]\ A g (10)
= S
XZ
(R*), ®)
I\\ 4 X (11)
/ ~/ R
R2

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

by the following formula (12).

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

formula (13).

(13)

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

carboxylic acid represented by the following formula (14).

(14)

The benzyl protected carboxflic acid is converted into an
amine by a method such as Curtius rearrangement, Hofmann
rearrangement or Lossen rearrangement, and a diazonium salt
is prepared from the amine by a method known per se. This
diazonium salt i1s 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
compound. This organic metal compound is reacted with a
ketone represented by the following formula (15) (R’ and R®
are as defined in the above formula (2)) at -80 to 70°C in
an organic solvent for 10 minutes to 4 hours and then subjected
to a debenzylation reaction with hydrogen and palladium

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

R? RS

Y (15)

(16)

The Friedel-Crafts reaction of this alcohol is carried out
at 10 to 120°C for 10 minutes to 2 hours under a neutral to
acid condition to synthesize a naphthol compound of interest
represented by the above formula (5). In the above reaction,
the reaction ratio of the above organic metal compound to
the ketone represented by the above formula (15) is
preferably selected froma range of 1:10 to 10:1 {molar ratio).
The reaction temperature is preferably -80 to 70°C. An
aprotic organic solvent such as diethyl ether,
tetrahydrofuran, benzene or toluene is preferably used as
the solvent. The Friedel-Crafts reaction of the alcohol
represented by the above formula (16} under the neutral to
acid condition is preferably carried out by using an acid
catalyst such as acetic acid, hydrochloric acid, sulfuric
acid, benzenesulfonic acid, p-toluenesulfonic acid or acid
alumina. The acid catalyst is preferably used in an amount
of 0.1 to 10 parts by weight based on 100 parts by weight
of the alcohol of the above formula (16). For this reaction,

an aprotic organic solvent such as tetrahydrofuran, benzene
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to obtain various colors required as a photochromic lens.
Any known compound may be used without restrictions as the
photochromic compound to be combined with. Examples of the
25 photochromic compound include fulgide, fulgimide,
spircoxazine and chromene. Out of these, a chromene compound
is particularly preferred because it can keep a color uniform
at the time of color development and fading, can suppress
a color shift at the time of color development due to the
30 deterioration of photochromic properties and further can
reduce initial coloration.
That is, by combining the chromene compound of the
present invention with another chromene compound which has

high color development sensitivity, a high fading speed and
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absorption end of the ultraviolet absorption curve are values

measured by methods described in the following examples.
These preferred chromene compounds to be combined with
include chromene compounds represented by the following

20 formulas (17) and (18).

R5

17)

Tn the above formula (17), R®, R*, R®, rR®, R7, RE®, “a”
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and “b” are as defined in the above formula (2), and R is

a hydrogen atom, hydroxyl group, alkyl group, haloalkyl group,
cycloalkyl group, alkoxy group, amino group, heterocyclic
group having a ring member nitrogen atom and bonded to a

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

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

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

15 the chromene compound of the above formula (18} include
compounds described in a pamphlet of International Laid-Open
W02009/136668.
To obtain a photochromic composition comprising the
chromene compound of the present invention and another
20 photochromic compound, the ratio of these chromene compounds
may be suitably determined according to a desired color. 1In
this case, it is preferred that the amount of the chromene
compound of the present invention or ancother chrowmene
compound should be 0.001 to 10 parts by mass based on 100
25 parts by mass of the total of all the polymerizable monomers.
Stated more specifically, more preferably, in the case of
a thin film such as a coating film (for example, a thin film
having a thickness of about 100 pm), color should be
controlled by using 0.001 to 5.0 parts by mass of the chromene
30 compound of ‘the present invention and 0.001 to 5.0 parts by
mass of another chromene compound based on 100 parts by mass
of the coating filmor all of the polymerizable monomers which
provide the coating film. In the case of a thick cured

material (having a thickness of 1 mm or more, for example),
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color should be controlled by using 0.001 to 0.5 part by mass

of the chromene compound of the present invention and 0.001

to 0.5 part by mass of another chromene compound based on

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

material.

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

10 invention has high durability as it is, its durability can
be further enhanced by using the following ultraviolet
absorbent, optical stabilizer or antioxidant. As the
ultraviolet absorbent may be used known ultraviolet
absorbents such as benzophenone-based compounds,

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

20 of 0.001 to 5 parts by mass based on 100 parts by mass of
the total of all the polymerizable monomers including the
chromene compound of the present invention, it produces an
effect. Known hindered amines may be used as the optical
stabilizer, and known hindered phenols may be used as the

25 antioxidant. When the above optical stabilizer and
antioxidant are each used in an amount of 0.01 to 10 parts
by mass based on 100 parts by mass of the total of all the
polymerizable monomers including the chromene compound of
the present invention, they produce an effect.

30
{(use of chromene compound)

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

represented by the above formula (1) (17) or (18) exhibits
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the same photochromic properties even in a polymer solid
matrix. The polymer solidmatrix isnot particularly limited
if the chromene compound of the present invention can be
uniformly dispersed therein. Examples of the polymer
compound optically preferred for the polymer solid matrix
include thermoplastic resins such as methyl polyacrylate,
ethyl polyacrylate, methyl polymethacrylate, ethyl
polymethacrylate, polystyrene, polyacrylonitrile,
polyvinyl alcohol, polyacrylamide,

poly (2-hydroxyethylmethacrylate), polydimethylsiloxane
and polycarbonate.

A photochromic composition can also be prepared by
mixing the photochromic composition comprising the chromene
compound of the present invention and the chromene compound
represented by the above formula (1), (17) or (18) with
various polymerizable monomers before polymerization to
prepare a photochromic curable composition and polymerizing
and curing it. That is, a cured material containing the
photochromic composition uniformly dispersed therein can be
obtained by polymerizing and curiné' the photochromic curable
composition comprising the photochromic composition of the
present invention and various polymerizable monomers.

A photochromic curable composition which is prepared
by mixing together the photochromic composition comprising
the chromene compound represented by the above formula (1),
(17) or (18) with the following polymerizable monomers (Al),
(A2) and {A3) and provides a cured material having an L scale
Rockwell hardness of not less than 60 is particularly
preferred because it exhibits excellent photochromic
properties such as high color optical density and high fading
speed and obtains excellent substrate properties such as high
hardness and high heat resistance:

(A1) a polymerizable monomer which has an L scale Rockwell

hardness of a polymer obtained by homopolymerizing it of not
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(A2) a trifunctional or higher functional radically
polymerizable monomer which has an L scale Rockwell hardness
of a polymer obtained by homopolymerizing it of not less than
60, and

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

Examples of the component (Al) include acrylate
compounds and methacrylate compounds such as glycidyl
acrylate, glycidyl methacrylate, PB-methylglycidyl
methacrylate, bisphenol A-monoglycidyl ether-methacrylate,
4-glycidyloxy methacrylate,

3- (glycidyl-2-oxyethoxy) -2-hydroxypropyl methacrylate,
3—(glycidyloxy—1—isopropyloxy)-2-hydroxypropyl acrylate
and 3-glycidyloxy-2-hydroxypropyloxy) -2-hydroxypropyl
acrylate, and polyalkylene glycol compounds such as
polyethylene glycol diacrylate; examples of the component
(A2) include polyacrylate and polymethacrylate compounds
such as trimethylolpropane trimethacrylate, urethane
acrylates such as urethane oligomer tetramethacrylate, and
polyesteracrylatessuchas;xﬂyesteroligomerhexaacrylaﬁe;
and examples of the component (A3) include polyacrylate and
polymethacrylate compounds such as ethylene glycol
diacrylate, diethylene glycol dimethacrylate, triethylene
glycol dimethacrylate, tetraethylene glycol dimethacrylate,
ethylene glycol bisglycidyl methacrylate, bisphenol A
dimethacrylate,

2,2-bis (4-methacryloyloxyethoxyphenyl)propane and
2,2-bis(3,5-dibromo-4-methacryloyloxyethoxyphenyl)
propane, all of which are polymerizable monomers described
j11a.pémph1et of International Laid-Open W02001/05854. The
term “L scale Rockwell hardness” means hardness measured in

accordance with JIS-B7726, and it can be easily judged
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whether the above hardness condition is satisfied or not by

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

together while they are molten to disperse the chromene
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compound into the resin, one in which the chromene compound
is dissolved in the above polymerizable monomers and a
polymerization catalyst is added to polymerize the
polymerizable monomers by heat or light so as to disperse
the chromene compound into the resin, and one in which the
surfaces of the above thermoplastic resin and the above
thermosetting resin are dyed with the chromene compound to

disperse the chromene compound into the resins.

(other applications of chromene compound of the present
invention)

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

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

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

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

5 1lens and the surface is coated with a curable substance to
obtain a photochromic lens is also employed.

Further, a coating agent composed of a polymerization
curable composition comprising the chromene compound of the
present invention may be applied to the surface of a lens

10 substrate, and the coating film may be cured. At this point,
the lens substrate may be subjected to a surface treatment
with an alkaline solution or a plasma treatment in advance,
and a primer may be further applied to improve adhesion
between the substrate and the coating film (by carrying out

15 the above surface treatment or without the surface

treatment) .

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

way to be taken as limiting.

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

30 by heating for 1 hour.
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After the reaction, the solvent was remoyed, and the obtained
product was purified by chromatography on silica gel to
5 obtain 1.35 g of a white powder product. The yield rate was
76 %.
The elemental analysis values of this product were
80.70 $ 0of C, 6.79 % of H and 12.51 % of O which were almost
equal to the calculated values of Cs:Hs5,0s (C: 80.80 %, H: 6.78 %,
10 0: 12.42 %).
When the proton nuclear magnetic resonance spectrum
of the product was measured, it showed 18H peaks based on
the methyl proton of a tetramethylcyclohexane ring and a
methylene proton at 6 of arocund 1.0 to 3.0 ppm, a 15H peak
15 Dbased on the methyl proton of a methoxy group at & of around

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

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

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

6 of around 110 to 160 ppm, a peak based on the carbon of
an alkene at 6 of around 80 to 140 ppm and a peak based on

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

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

formula (21).

€2y

Examples 2 to 15

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

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

lH-NMR spectra of these compounds.
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Table 2

Elemental analysis values 1 - NMR.
Ex§2?le Experimental wvalues Calculated values (NMR)
H N 0 C H N 0

2 82.03 6.66 0.00 |11.31 | 81.99 | 6.52 0.00 |[11.50 gg:g:z:g ggg
3 179.89 6.89 1.67 |11.55 | 79.78 6.94 1.69 | 11.59 gg:g:i:g %gg
4 81.08 6.99 1.73 | 10.20 | 80.99 | 7.05 1.78 | 10.18 gg:g:z:g égg
5 82.44 6.99 0.00 | 10.58 | 82.51 | 6.92 0.00 | 10.57 gg:g:z:g %gg
6 84.22 | 6.87 | 0.00 | 8.91 | 84.24 | 6.79 | 0.00 | 8.98 |22-2-2-0 21
7 85.02 6.71 0.00 | 8.27 | 85.01 | &.61 0.00 | 8.39 gg:g:z:g 335
8 85.29 | 6.68 | 0.00 | 8.03 | 85.25 | 6.64 0.00 | 8.11 gg:g:z:g P
9 81.19 6.99 1.71 | 10.11 | 81.27 6.95 1.76 | 10.02 gg:g:z:g ggg
10 79.80 5.91 0.00 |14.29| 79.86 | 5.96 0.00 |14.18 gg:g:i:g %ig
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Table 2 (continued)
Elemental analysis values 111-NMR
Ex;rg]{)le Experimental wvalues Calculated values (NMR)
H N O C H N ]

11 77.98 5.54 0.00 16.48 77.86 5.64 0.00 16.50 ggg:zg }_zg
12 79.80 6.24 1.73 12.23 79.67 6.30 1.79 12.25 ggg:zg ]3-35
13 76.27 5.52 0.00 - 76.35 5.49 0.00 8.30 gg:g:z:g ;gg
14 76.32 5.97 3.52 14.19% 76.32 5.89 3.56 14.23 ggg:zg ;;E
15 82.04 6.66 0.00 11.30 82.02 6.60 0.00 11.38 ggg:ig %33
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Examples 16 to 30
(evaluation of physical properties of photochromic plastic
lens produced by coating method)

Thelchromene compound obtained in Example 1 was mixed
with a photopolymerization initiator and polymerizable
monomers, the resulting mixture was applied to the surface
of a lens substrate, and ultravioclet light was applied to
polymerize the coating film on the surface of the lens
substrate.

For a photochromic curable composition, a mixture of
50 parts by mass of
2,2~bis(4-methacryloyloxypentaethoxyphenyl) propane, 10
parts by mass of polyethylene glycol diacrylate (average
molecular weight of 532), 10 parts by mass of
trimethylolpropane trimethacrylate, 10 parts by mass of
polyester oligomer hexaacrylate (EB-1830 of Daicel UCB Co.,
Ltd.) and 10 parts by mass of glycidyl methacrylate as
radically polymerizable monomers was used. 1 part by mass
of the chromene compound obtained in Example 1 was added to
and fully mixed with 90 parts by mass of this mixture of the
radically polymerizable monomers, and 0.3 part by mass of
CGI1800 {a mixture of 1-hydroxycyclohexylphenyl ketone and
bis (2, 6-dimethoxybenzoyl) -2,4,4-trimethyl-
pentylphosphine oxide (weight ratio of 3:1)} as a
photopolymerization initiator, 5 parts by ﬁass of
bis(1,2,2,6,6-pentamethyl-4-piperidyl)sebacate as a
stabilizer, 3 parts by mass of
ethylenebis(oxyethylene)bis[3—(5—tert~butyl-4-hydroxy-m-
tolyl)propionate], 7 parts by mass of
y-methacryloyloxypropyl trimethoxysilane as a silane
coupling agent and 3 parts by mass of N-methyldiethanolamine
were added to and fully mixed with the above mixture to obtain
a photochromic curable composition.

Subsequently, about 2 g of the photochromic curable
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composition obtained by the above method was applied to the
surface of a lens substrate (CR39: allyl resin plastic lens;
refractive index of 1.50) by using the 1H-DX2 spin coater
of MIKASA Co., Ltd: This coated lens was irradiated with
light from a metal halide lamp having an ocutput of 120 mW/cm?
in a nitrogen gas atmosphere for 3 minutes to cure the
photochromic curable composition. Thus, an optical article
(photochromic plastic lens) which was coated with a polymer
film containing the cured chromene compound dispersed
therein (thickness of polymer £ilm: 40 um} was manufactured.
The following photochromic properties of the obtained
photochromic plastic lens were evaluated. The results
obtained by using the chromene compound of Example 1 are shown
in Table 3.
[1] Maximum absorption wavelength (Apax) : This is the maximum
absorption wavelength after color development obtained by
meang of the spectrophotometer (MCPD3000 instantaneous
multi-channel photodetector) of Otsuka Electronics Co., Ltd.
and used as an index of color at the time of coloxr development.
The maximum absorption wavelength is connected with color
at the time of color development.
[2] Color optical density (Ap) : This is the difference between
absorbance {£(120)}} after 120 seconds of exposure and £(0)
under no exposure at the above maximum absorption wavelength
and used as an index of color optical density. It can be
said that as this value becomes larger, the photochromic
properties become better.
[3] Double peak characteristic {(Ay/Ag) : This is the ratio of
color optical density (Ay: value of Anpx) at a yvellow range
(having a maximum absorption wavelength at 430 to 530 nm)
and color optical density (Az: value of An.x) at a blue range
{having a maximum absdrption wavelength at 550 to 650 nm)

and used as an index of double peak characteristic.

[4] Fading half period [11/2(sec.)]: time required for the
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N +SRHCidh of the absorbance at the above maximum absorption

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

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

[6] Thermochromism {To}: The photochromic plastic lens
obtained under the above conditions is used as a sample and
its transmittance (T%) at 300 to 800 nm is measured with an
ultraviolet visible spectrophotometer (UV-2550 of Shimadzu
Corporation) at room temperature. This is a transmittance
at a wavelength at which the transmittance at 430 to 650 nm
becomes minimal and used as an index of initial coloration.
As this value becomes larger, the initial coloration becomes
weaker and the transparency under no exposure becomes higher.
[{7] Residual rate (Asy/Bp X 100) : The deterioration promotion
test of the cobtained photochromic plastic lens is carried
out by using the X25 xenon weather meter of Suga Test

Instruments Co., Ltd. for 50 hours. Thereafter, the above



CH pH, * OCH so 0c83 64 68 83c cH3 a cH3 ge/c83 400H HO Ilw 0 OCH3
410 HO * ocH3 83c ¢83 40410 gi-r mor HOO . * ocH3 0 ocH3 52 69 H3C
CH3 a CH3 eirCH3 400 CH 40 OCH3 . H0410 ocH3 HC CH3 41,1 Cl-P dio ir
so CH OO it ocH ocH3 71 73 Table 5 (cop}inued) Exanple No. Raw

mat erials Product Yield rate (%

10

15

20

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

[8] color development sensitivity [£(10)/£(120)]: The
photochromic plastic lens obtained under the above
conditions is used as a sample, and the ratioc of color optical
density {€(120)}} after 120 seconds of exposure to colox

optical density {£(10)} after 10 seconds of exposure is

calculated and used as an index of color development
sensitivity. As this value becomes larger, the photochromic
plastic lens develops a dark color with a shorter time of
exposure.

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

expressed as Compound No. 1.
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HO 4/ OCH3 HC CH3 CH JO Ir 00 411 It OCH3 ocu3 67 75 H3c CH3 a CH3
itir CH3 40 OH H300H200 0 40 OCH3 Ho, 0 CH3 HC CH3 fie )
H300H2C0 40 CHcw, * OCHa 00 0 CH 3 70 75 Table 5 (continued)
Exanpl e No. Raw materials Product (% Yigéd rate Naphthol derivative
Propar gyl al cohol derivative 76 H3c cH, alk CH3 AprrCH 3 40 it CH

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

The results are shown in Table 4.

(A)

(B)

©

10
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dio kr 140 1110 Dse ocH3 0 CH 3 70 81 .." 0 a OH H3co .111Ar" ocH3
40 ocH3 oit cH3 HO 4/ ocH3 gp ,40 Ir H3co 00.30cH, ocH3 40 . ocH3 6 7
82 sill 0 OHH3C lo 0 ocH3 ocH3 ocH3 =. HO a OCH3 411 JO 4 H3C000
opocH,ocH3 OCH3 . 0 CH3 7 O 77 Table 54 continued) Exanple No. Raw
mat eri al s Product

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

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

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

10 delicate color control. For example, Ay/2Ap is preferably not
less than 1.00, more preferably not less than 1.10, much more
preferably not less than 1.20, particularly preferably not
less than 1.30. '

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

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

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

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

20 particularly preferably not less than 85 %.

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

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

30 and high repeat durability while retaining double peak
characteristic.

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

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



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

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

Although Comparative Example 3 (compound C) has high
double;peak:characteristid and excellent repeat durability,

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

10 characteristic and repeat durability.

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

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

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

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

peak characteristic and repeat durability.

30 Examples 31 to 89
Chromene compounds shown in Table 5 were synthesized
in the same manner as in Example 1. When the structures of
the obtained chromene compounds were analyzed in the same

manner as in Example 1, it was confirmed that they were
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H3c CH, dh, cH3 . CH3 4s- 40 i kOH H3co 4 40 OcH3 OCH3 ocH, a HO a
OCH3 H3C CH3 ¢, 40e C4 | p S H3co00 is OCH OCH3 H H3 . ocH3 OCH3 70
86 CH3 esOCH3 40 a OH H3CO ngr. 40 ocH3 ocH3 ocH3 a HO a OCH3 '
CH3 %i OCH3 sio r H3C000 .3 40 ocH3 * ogfi3 OcH3 72 78 Table 5
(continued) Exanple No. Raw material s

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

5. compounds obtained in Examples 31 to 89, respectively.
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78

Example = Tyl roduct Yii}d
rop roduc rate
No. Naphthql alcohol (%)
derivative derivative
H3C o,
CHs
O. CH, OCH,
76 (H3C)aNH,CO . 67
ENj OCH;
(o)
77 66
67




“Initial coloration

98 98 88 L8 88 L8 68 88 68 68 88 88 8 Z8 68 68 68 68 68 68
(mu) 8117 LIT 8117 6017 9017 3117 9117 8017 6017

8017 Fading hmf (pas) z/T1 EL EL OL OL 891 89 89 L9 99 99 69 69

96 96 99 76
Table 5 (continued)
Raw materials .
Example Propargyl roduct Yli}d
roduc rate
No. dNaphtEgl alcohol (%)
erivative derivative
OCH,
= 71
72 HO
OCH;
OCH,
= 70
80
e
OCH,4
OCH,
= 67
g1
e
OCHs ' OCHj
O.' OCHs
SRR, N
82 H,CO O
el
OCH, OCHjs
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Table 5 (continued)

Raw materials

Example S T roduct Yii}d
ropargy roduc rate
No. Naphthgl alcohol (%)
derivative derivative
Q.. OCH;
e IR .
83 HaCO - 68
O OCH, 1O
OCH, OCH;
cH
HaC
Oy 9, OCH;
ol &
OH = 69
84 HCO O
< hild
OCH, OCH;
MG ch,
O. Se OCH;
O = 70
85 HsCO >
? O OCH; HO Q
OCH, OCH;
CHs
3
ol O
H;CO = 72
86 O OCH,

OCH;

>

OCH,
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Table 5 (continued)

Raw materilals ,
Example Yield
P Navhthol - Propargyl Product rate
No. 3 PV tive alcohol (%)
eriva derivative
CH
Xa )
87
O
OCHs
OCH,CH,CH;
= ! 73
88 HO
OCH,CH,CH;,
HsG CH,
CH,
O. CHs OCH;CH,CH,CH;
O = Q 72
89 X O OH
H,CO HO Q
OCH;,
O OCH,CHyCH,CH3 OCH,
OCH,




Table 6
Elemental analysis values 14_NMR
Example No. Experimental values Calculated values (NMR)
C H N o Cc H N O

31 82.99 7.77 1.61 7.63 82.92 7.80 1.67 7.62 gg'g:z'g igg
5.0-9.0 20H
32 82.68 7.09 1.81 8.42 82.62 7.07 1.85 8.47 20 5-.4.5 33H
.0-5.0 Z20H
33 B2.41 6.77 1.920 g8.92 82.50 6.78 1.92 8.79 gg g_z 5 29K
34 82.33 6.66 0.00 i1.01 82.39 6.64 0.00 10.87 gg'g:z'g ggg
' .0-9.0 20H
35 82.55 6.77 0.00 10.68 82.45 6.78 0.00 10.77 gg g_z 5 30H
: .0-9.0 20H
36 84.32 6.93 0.00 8.75 84.26 6.93 0.00 8.80 g‘;’ ?,_i 5 304
37 82.11 | 6.49 | 0.00 — 82.16 | .48 | 0.00 | 8.76 [22°072-0 200
38 82.22 6.69 1.99 9.10 82.14 6.75 2.00 9.12 gg'g:i'g %gg
39 80.11 6.55 0.00 - 80.18 6.45 0.00 8.90 gg'g:i'g égg
40 81.44 7.29 1.72 9.55 81.42 7.20 1.70 9.68 gg'g:z'g igg

62
86 8 86 90 90 88 89 89 89 88 89 90 90 88 89 89 90 89 90

uo 11e .0 |02

enpisaqy N6 0 371 03 0 3IZ 0. 3Z 0 A0 0Z9

ler1iu] 88 88 8T 8T 88 88 88 88 90 90 88 88 9T 9T 86 86
T

8 81 89 89 00Tx(0OV/0SV)
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Table 6 (continued)
Elemental analysis values IH-NMR
Example No. Experimental values Calculated values (NMR )
C H N O H N O

a1 81.50 33 | 1.62 | 9.55 | 8l.49 | 7.32 | 1.67 | 9.52 |2o-972-0 5%
42 81.44 .31 1.67 9.58 81.42 7.20 1.70 9.68 gg'g:z'g igg
43 82.31 .72 1.66 9.31 82.39 6.68 1.63 9.30 gg'g:z'g ézg
44 77.12 .12 1.78 — 77.15 6.22 1.76 10.08 gg‘g:z'g %gg
45 71.31 .46 1.55 — 71.21 | 5.52 1.57 8.95 gﬁ‘g:z'g %33
46 71.57 .80 1.55 — 71.65 5.79 1.52 8.68 gg'g:z'g %Zg
47 80.77 .58 0.00 12.65 80.71 6.64 0.00 12.65 gg'g:z.g %ig
48 81.43 12 0.00 11.45 81.40 7.19 0.00 11.41 gg'g:z'g iig
49 81.34 .09 0.00 11.57 81.32 7.07 0.00 11.61 gg'g:z'g %gg
50 81.29 .91 0.00 11.80 81.25 6.94 0.00 11.81 gg'g:z'g ggg

1L/ (saq)
uo 11elo |02

wn)

1 yead agnog 121 121 1S 1S SO Sk

0100 1.88 1.88 1. 0T.3 1 3a 1L.TL 1L0Z
1y

08
10 "W Jau

66 66 66 66 6 61 6.1 6.1 68 68 1Z 1Z 4

Zd 100 1dS Ae IAe
dzL dzL dlz L1121 27121 /ZT08 LT09 LTO9

1
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Table 6 (continued)
Elemental analysis wvalues 1H-NMR
Example No. Experimental values Calculated values (NMR)
C H N 0 c H N O

51 81.99 7.23 0.00 10.78 82.03 7.22 .00 10.75 gg'gzz'g igg
52 82.02 7.25 -0.00 10.73 82.03 7.22 .00 10.75 gg'g:i'g igg
53 81.59 7.02 0.00 11.39 | 81.66 7.09 .00 11.25 gg'gzz'g ﬁg
54 72.33 6.69 0.00 13.98 79.27 6.78 .00 13.95 gg'g:z'g %gg
55 79.52 7.05 1.70 11.73 79.48 7.04 .72 11.76 gg'g:z'g %gi
56 80.55 6.51 0.00 12.94 80.53 6.52 .00 12.95 gg'g:z'g ggg
57 79.59 6.66 1.50 12.25 79.62 6.68 .52 12.17 gg'g:Z'g ggg
58 82.99 7.39 0.00 9.62 B2.97 7.33 .00 9.70 gg'g:i'g iig
59 81.43 7.24 3.44 7.89 81.45 7.21 .45 7.88 gg'g:i'g ggg
60 81.88 7.34 3.23 7.55 81.85 7.34 .29 7.52 gg'g:i'g igg

e 00
i0 .62 0.90 0.6S 00 O.1L 0 .LT9 /O

(Do0osz
T60 S1S /T68 SIS /T6 SIS ASS ST /169 ST LI6

I8
S3 SZ S|

G1S 2168 S1S (1MTT'T) 3 6 -> 0.96 0S| 098 0sSL 0.69 0.671 0.68 0..T9
0.610..170.69 0..T9 0.S4d 0.53

LT80 ST13 dLT6 S719



Table 6 {continued)

Elemental analysis wvalues 1 -NMR
Example No. Experimental wvalues Calculated values (NMR)
H N 0 H N 0

61 81.90 7.41 3.23 7.46 81.91 7.46 3.24 7.40 gg:g:z:g 223
62 81.82 7.38 3.33 7.47 81.85 7.34 3.29 7.52 gg:g:i:g igg
63 82.69 6.88 3.21 7.22 82.77 6.83 3.16 7.23 gg:g:z:g iég
64 80.32 7.00 3.30 9.38 80.25 7.08 3.28 9.38 gﬁ:g:i:g zgg
65 77.73 6.45 3.38 - 77.73 6.40 3.42 7.81 gg:g:z:g ggg
66 71.90 5.69 3.04 - 71.88 5.70 3.05 6.96 gg:g:z:g ggg
67 72.30 5.99 2.87 — 72.29 5.96 2.96 6.76 gg:g:z:g ggg
68 81.22 6.84 1.81 10.13 81.20 6.81 1.79 10.20 gg:g:z:g ggg
69 81.89%5 7.32 1.61 9.18 81.82 7.33 1.62 9.24 gg:g:z:g zgg
70 81.71 7.23 1.65 9.41 81.75 7.22 1.64 9.39 gg:g:z:g igg

a8
8G 81 81 89 85 8G9 89 89 859 00TX

(ov /05V)

dT 0 S 0 6 0 36

lenpise4 030 03T 033 0 3Z 0 OO

(e 60 G9 G8 S1 S6 SS

I

olel
0 36 (ozr)3/(0T)a Ariat11isuas juaudo |anap 100D 68 TT9 TITI8 111 TI6

1S TTLZT 113 117 111 110 vT X Z2Sd 0 ves 1T---



Table 6 {(continued)

Elemental analysis wvalues 14 -NMR
Example No. Experimental wvalues Calculated values  (NMR)
c H N 0 H N 0

71 81.67 .12 1.66 9.55 81.69 7.10 1.67 9.55 gg:g:z:g ggg
72 82.44 .38 1.55 8.63 82.41 7.35 1.53 8.71 gg:g:i:g igg
73 82.44 .41 1.52 8.63 82.41 7.35 1.53 8.71 gg:g:z:g ﬁgg
74 82.00 .26 1.62 9.12 82.06 7.23 1.60 9.11 gg:g:z:g ﬁgg
75 79.76 .97 1.66 | 11.61 | 79.78 | 6.94 1.69 | 11.59 |25-2°2-D 208
76 79.99 .11 3.41 9.49 79.97 _7.19 3.33 9.51 gg:g:z:g igg
77 80.99 .66 1.54 10.81 | 80.96 6.68 1.57 10.78 gg:g:z:g gég
78 80.05 .78 2.89 10.28 | 80.06 6.82 2.96 10.16 gg:g:i:g iég
79 83.34 .45 1.66 7.55 83.36 7.47 1.65 7.53 gg:gzz:g igﬁ
80 83.00 04 | 1.77 | 8.19 | 82.94 | 7.09 | 1.79 | s.18 |2o-07%-0 200

er1i| 89 89 89 89

81 88 81 88 8188 85 86 0\0 (uswouys

el 86 85 89585 19 13 90 90 88 88 89

poried 158 Bupes 11 (1L 118 ZLIS ‘TO9 1INO 117

LU 21zo 171 (nw) (pus uo11diosge) uo I1elo |02

80 8Z 86 81 81 88 871 88
-au Jdy1l) uo 11e o |09

»
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Table 6 (continued)
Elemental analysis values 14 -NMR
Example No. Experimental values Calculated values (NMR)
c H N 0 c H N 0

81 80.77 6.67 0.00 12.56 80.71 6.64 0.00 12.65 gg:g:i:g ;ig
82 80.65 | 6.39 0.00 | 12.96 | 80.62 | 6.49 0.00 | 12.89 gg:g:z:g ;gg
83 80.44 6.21 0.00 13.35 80.42 6.19 0.00 13.39 gg:g:z:g ;gg
84 B0.74 6.66 0.00 12.60 80.71 6.64 0.00 12.65 gg:g:z:g %ig
85 80.67 . 6.68 c.00 12.65 80.71 6.64 0.00 12.65 gg:g:i:g %ig
86 78.00 5.87 0.00 16.13 78.01 5.82 0.00 16.17 gg:g:z:g ;ig
87 82.54 6.97 0.00 10.49 B2.51 6.92 0.00 10.57 gg:g:z:g %gg
88 81.11 7.32 0.00 11.57 81.13 7.28 0.00 11.58 gg:g:z:g iiﬁ
89 81.24 7.54 0.00 11.22 81.27 7.53 0.00 11.20 gg:g:i:g 1:3

-Ja10eJeyd Mead a|gnogd O D 69

leorido 1o 1 3S1 33 L sL T G 3IS 1.4
100 10Z MO 1 61 61T 68 68 6161 1L 1L 1Z 12 1S 1S

"I /A D13 |

O .71 0.ST O .19 OSTt6%9 0.1 0., 13 0ST 0.8L 0ST 01O 050 O .11
IS 1 GZ)

0SL O .11 0S50 7O A1isusp

_I_ I99

0
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Z9 9 5999198969 O a) HP4 EO O Z X frl QzT
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Examples 90 to 148
Photochromic plastic lenses were manufactured and

their characteristic properties were evaluated in the same

manner as in Example 16 except that the compoundé obtained
5 in Examples 31 to 89 were used as chromene compounds. The

results are shown in Table 7. In Table 7, compound Nos. 31

to 89 are chromene compounds obtained in Examples 31 to 89,

respectively.
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Table 7 o
, Initial Initial -
1 | oprica [onaracters| Tha12] | coloration | coloration | Residual | g CO0o% S
Ex;mple Compound| ™ | gensity istic period (abi;iﬁtlon ngngggs rate sensitivity.)]
o. No. -
(nm) a Ay/A T1/2 (nm) (%) (Bso/Bo) X100 | (10) /€ (1205
nm 0 v/ Ap (sec) ° 50/ £30 o
470 0.68 71 87 90
1.36 409 g0.29 o)
20 31 582 0.50 71 88 90 o
465 0.69 67 87 92
i. 408 0.28
91 32 581 0.51 35 67 g8 92
463 0.67 78 85 80
. 0.30
92 33 580 0.50 1.34 78 411 86 80
458 0.64 76 B89 a2
. 0.29
93 34 576 0.51 1.25 76 409 8¢9 82
456 0.60 65 90 92
. 0.27
94 33 574 0.50 .20 65 404 90 9z
455 0.58 60 a0 92
1.16 404 0.26
95 36 573 0.50 60 90 92
452 0.49 51 S0 90
96 37 570 0.51 0.96 51 403 90 90 0.26
470 0.50 58 89 81l
97 38 580 0.50 1.00 58 406 89 81 .27
471 0.48 B¢ 89 80
98 39 578 0.48 1.00 29 405 89 80 0.27
477 0.88 75 84 84
9g 40 578 0.50 1.76 75 418 86 84 0.35

89 89 88 83 88 88 90 81971 9T 9T 86 81 81 81 89 89 8F

85 001X (0OV /0SV)
030 (ozt)2/(0T)®

fenpisa4y 0 33 33 036 0 IS 03 0 3L 0 AT 0 3IAZ 034
TV 10J0D0 06 T€9 TE€8 1771 T€6 TEG TE€LL ud 177 TET

I



Table 7 (continued)
: CO%OI Double peak| Fading coII&)irtaitailon colﬁbi;aitailon Residual Color
Example |Compound A gg;;:i;: chaﬁ;&::citcer— pgiigd {(absorption| (thermo- rate Z‘:E:igﬁ’g?fgt
No. No. end) chromism) Y
() | B a/as | 02 (rm) (%) | (Bso/Bo)x100| £ (10) /2 (120)
100 41 2;2 g:;g 1.37 ;2 418 22 g; 0.34
101 42 ;32 8:;; 1.34 :8 417 2; gz 0.34
102 43 :g; g:zé 1.3%1 gg 418 gg gg 0.35
o3 | a0 [ 0sm T e T, e o2 0.25
104 45 égi g:gi 1.24 22 406 gg 22 0.28
105 46 ggz gzgi 1.41 gz 412 gg gi 0.30
106 47 ggi g:gi 1.33 g: 415 gi ;g 0.30
tor | es | 252 ] 08 [, | e [ e o6 0.28
108 49 :3? 8:23 1.28 gg 409 gz 22 0.29
1089 50 ;53 8:22 1.23 :g 408 gz gg 0.29

IS

uo 11e .0 |02

11Ss /gL (nu)

NLZ

6868 61617 O O 6B 11 1L 1Z 1Z 1S 1S 69 69 TL/Z (saq)
AN-11 ALT ALT YIS /11|

1oy Bu iped
le111Uu] 89 90 90 90 88 89 88 T 89 86 81 90 90 88 89 89 90 89 90



Table 7 (continued)

' . Initial Initial
Co;or Double peak|Fading coloration | coloration Residual Color
1 d A . |OPELlcal [character-| half (absorption| (thermo- rate development
Example ) Compoun density| istic |periocd enf% chrom sensitivity
No. No. omilsm)
11/2 )
m) | B a/m | (M2 (i) (%) (Bso/Bo) X100 € (10) /& (120)
468 0.71 74 89 89
110 51 575 0.49 1.45 74 412 90 89 0.30
463 0.65 72 8¢ 87
1.30 0.28
111 52 575 0.50 3 72 409 o0 87
459 0.62 68 g8 86
112 1.24 409 0.29
. 1 >3 573 0.50 68 89 86
455 0.54 64 90 o1
113 54 573 0.53 1.02 64 408 90 91 0.29
463 0.69 67 88 88
114 55 575 0.49 1.41 67 412 89 88 0.30
458 0.67 66 89 90
115 56 575 0.47 1.34 66 414 89 90 0.32
460 0.68 66 88 88
lle . .
57 575 0.49 .39 66 414 89 88 0.32
445 0.69 50 90 88
117 58 579 0.67 1.03 51 412 90 88 0.32
480 0.98 75 83 81
118 . .
59 573 0.51 1.88 75 421 85 81 0.37
474 0.96 74 84 88
119 60 577 0.51 1.88 4 421 86 88 0.36

I L1Z 1 39 1 SZ T09

T6Z S1S (TTTTT) 3 6 - 0« 11
lu{uoioyu, yead o |gnog SA SA SZ SZ

0.690. 16 066 O.1L 060 CO8PI0 O . 16 0.50 0.59 0O SA 068 060 ONZ O .SL

10100 1O 1 16

66 STS A0 S
|uu 11uu

N6Z S7IS
AL 1 .66 1- 33 AV IH

I36

O0.18 0«0 0.6S 0,19 O



Table 7 {(continued)

Z6 0 €€ 099

b [opeher, [Poubie poa F201a | coloration | coloration | Resiaual | 4 SO1°T

Exggéle Co?isend density| istic period (abigigtlon cgiﬁx?gib rate sensitivity

(nm) Ay Ay/Rp gs]é/(:z) (nm) (%) (A5e/Bo) X100 |2 (10) /e (120}
120 61 ‘;Z?L 8;; 1.54 Z: 421 22 gg 0.36
121 62 :;z g;i 1.45 ;2 420 i; 22 0.36
122 63 ‘;;2 g;g 1.40 ;i 420 2; g: 0.36
123 64 :Zg 821 1.59 g; 417 g; g;‘: 0.35
e | e |20 0B [ am | % | o7 o= .
125 66 :si ggi 1.35 gz 409 2; :: 0.30
126 67 :gz g;i 1.55 Zg 415 :g Zg 0.32
127 68_ :gg 8.;; 1.51 igg 418 gg ;z 0.33
e | e |20 im0 | o3 o5 o
129 70 :gi 8:: 1.35 Zg 411 :Z :: 0.30

3L

80 19 18 17116 1S 11 1A 1z 1L (D 0§

106® 16 13 13d 1317 136 13S 131 133 137
LT/LT1 G980 A8 G118 N6 ST1Z A6L S1H A66 SIS LT68 G719

. ZS (ozt)o/(0T)®
I[11XZ 1eo 1I19H (1)

ey 0 '00O0O0.

0
130

Z
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Table 7 {continued) C
. Initial Initial T 9
o
Co}or Double peak| Fading coloration |coloration| Resgidual Color )
Am | OPtical [character-| half (absorption| (thermo- rate development O o
Example | Compound density istic period e;g; chromi sengitivity Q@
No. No. ism) o
11/2 . o
(nm) Ag Ay/Ag (nm) (%) (Ase/Ro)x100|e (10) /e {(120) = o
(sec) X
462 0.65 €9 89 85
. Ul
130 71 575 0.49 1.33 69 411 89 85 0.30 &
470 0.78 75 89 89 =
: ~
131 72 5713 0.50 1.56 75 415 90 89 0.33 >
465 0.72 72 89 87
.41 . (e}
132 73 575 0.51 1.4 72 412 90 87 0.32 o8
462 0.68 71 88 86 o]
00
133 74 575 0.50 1.36 71 412 89 97 0.31 ©
)
458 0.59 67 90 91 o
. o
134 75 575 0.54 1.09 68 411 90 91 0.31 >
466 0.76 70 86 87 o8
. 41 .
135 76 575 0.50 1.52 70 5 87 87 0.32 .
461 0.70 67 88 90 oy}
1 77 1.39 4 .
36 573 0.50 67 17 89 90 0.35 g
463 0.71 68 88 88
137 7 1.42 417 .35 -
8 572 0.50 68 89 88 0 S
448 0.76 52 20 88 -
138 9 .15 . -
7 578 0.66 1 52 415 90 88 0.33 )
447 0.77 54 89 89
139 .12 .
3 80 580 0.69 11 54 414 90 89 0.33

9T 9T 9T 9T 89 85 89 89 8 8 8 8

enpisaq4 0 9 0°€ 0.9S 0xZ1 O

!

Z

0" UO11eJO|0D [ellIU]
90 90 90 90 90 90 00Tx (0OV/0SV)
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Table 7 (continued) o % —
= O
. Initial Initial =
Coi!_or Double peak| Fading coloration|coloration| Residual Color c 3 —
1 Amx | OPEical |character-| half (absorptio| (thermo- rate development § =
Example | Compound density istic period = . gensitivity m® —
No. No. n end) chromism) S =
11/2. Bl ©
(nm) | A Ay/Bs (Se/c) (nm) (%) (Bso/Bo) X100 | (10) /& (120) B &
m ©
457 0.75 105 87 90 D— ©
1.20 4 ) 2 <
140 81 575 0.62 105 05 88 90 0.25 >0
457 0.82 108 87 90 - o <
) 405 0.25 5 ©
141 82 575 0.67 1.22 108 : 88 90 S
457 0.83 151 85 90 S
.2 )
142 83 575 0.68 .22 151 405 86 90 0.22 3;‘;
457 0.55 66 89 87 - 5
143 84 e 0 26 1.20 ce 404 50 o 0.26 o
) Q)
456 0.54 67 89 87 5
44 1.20 4 .27 :
1 85 577 0.45 67 04 90 87 0.2 :”o—@
D
456 0.50 71 84 82
1 86 .18 405 X
45 575 0.42 1 71 85 82 ¢.27 ’855
»)
449 0.75 105 a8 85
87 1.25 405 .2
148 577 | 0.60 105 88 85 0.25 ES_@
457 0.59 67 89 91 >
147 1.20 4 0.27 =
88 575 0.49 67 05 90 91 o ©
— 00
457 0.58 68 g9 91 4 — 0
14 8 .21 4 i 14
8 ? 575 0.48 1 68 05 90 91 0.27 54 ©
- 00
O
0
N
_|

©.10S

‘10S LT0LT LT0.LT

1 OS

J10S  .10S

9104 bu Iped

10S T1/Z (sed)
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Examples of the naphthol compound are given below.
Example 149

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

a white solid.

O
Cl
(22)

Br

The benzophenone derivative of the above formula (22)
and 67.7 g (372.1 mmol) of 2,4-dimethoxyphenylboronic acid
were dissolved in 370 ml of 1,2-dimethoxyethane, and 37 ml
of ethanol and 790 ml of a 10 % sodium carbonate aqueous
solution were added to this solution. The obtained solution
was deaerated in a nitrogen gas stream, 0.287 g (0.248 mmol)
of tetrakis(triphenylphosphine)palladium was added and

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



ZT7T ET7T 17177 917T 917-1 LIKE 817T 92 Exanpl es of the naphthol
conmpound are given bel ow. Exanple 149 90.0 g (381.8 mml) of a
benzene conpound represented by the above fornmula (8) was dissol ved
in 450 m of 5 dichloromethane and cool egzto 0C. 148.8 g (1145.4
mmol ) of oxalyl chloride and 4 ml of N, N-di nmet hyl formam de were added
dropwi se to {hkSagakdli eRe Abhetibhepaddiutbitonast hashesuliti RELBXt Uhe
was heated to 25C and stirred for 2 hours. After_ the reaction, the,
sol vent and BRALERBESEABITYRATSH: AR MG CR&EERLE BEoPrteda s PuLhified
reduced presgyr. A | 1S i j

ot rahydr of uphn Snc edarss F S R, PRl 3Py ettt ey e S e
magnesi um brbyi dee (RoDldwihet hytmetdei2Polast i9dnP wad24dd@dmoo dpvy seld
to this sol utign. Afl[agr,zﬁjhe addi hi.gn, tE\e resulting mxture 15 was
heated to 25E25Rd°5t PPr &4 Por 24VRdUFsSCAfer the reacti on, 200 m of
tol uene was added, phe reaction product was washed in water, the

sol vent was renoved|| and the obtai ned product was purified by
reslurrying w gt ai n a benzophenone derivative

repr esent ed P 20 formul a (22)(2§§ 73.3 g (248.1 mmol ,
yield rate of ite solid. The benzophenone
derivative o a () and 67.7 g (372.1 nmmol ) of

2, 4- di nret hoxyphenyl bor oni ¢ aci were dissolved in 370 m of

1, 2-di met hoxyet hane, and 37 p ethanol and 790 ml of a 10 sk

sodi um car bonat e aqueousHsePuti on wer@ Hgded to this solution. The

obt ai ned sol ution was deaerated in_a nitrogen gas stream_ _0.287 %}?d
(0.248 mml) of t etPAUGIRMIVBhEFy FPROIPAY AP (Frh ) wad 3added( it 4

30 ref | uxedpy§@r) %f‘%&iurﬁfﬁ%ut%}@id@,a@.gpﬁw (490 3Mhmel ) t OF Yse a Pdim

was added, the reaction product was washed i'n water, the solvent was
renoved, andac@eabdt didnddgpl@icmneds QUErLFedbbyviahaesplinganitds . 6
met-hanol, .t o Qbt.ai u t ' a

(23) 2186168 [53,7 AP 8, ABRRESTLhE sp¥e AELBLYEY! B 096 ) Por
0 111011111 ©hl2She Fhi3d GO for 3 hthesconpdued ohetihes@biome, the

f la (23), 93.4 72. 4 ) of sodiumt-b ide, 5.5 24.3
i o 23 et iod snortict YaS ashed Sgias EE e N ented ddnoved,
phosphi ne angh§3:ke 108 {H28. Sroa®éd wis PuPhel ddeoyers: disspl e dvith

920 m of toluene and ref luxed for 3 hours. After the reaction, the
reaction protekhRapel SRR IM avgoRPoUnRe rSBEREANLRASLY et b 1 lnwing

S T

obtain a conpou represe ol’'l owng

60.8 g (150.4 winbte gokid.rate of 62 %9 of a white solid. "I1111111

110 H3COOCHS3 The conpound of the above formula (24) and 30.2

g (173.3 mmol ) of dpet hyl sucTﬁr%a were dissolved in 200 M of 20
55C.

t et rahydr of uran and|lheated to

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

d for 1 hour. Aftes)the reaction, 200 ni
eactiQn product was washed with

: g and then with water, and the
pound represented by the foll ow ng
formula (25) as 80.1 g ('% aNgz ield rate of 100 % of orange

oi | . HB3CH2COOC COOH el 1 N(25) 5 0 H3 The conpound of

t he above fornml a fRbrompduddbf £86.abdr@kprafilsodiunuaaetntegands. 3
76.9 g (75f0.4 {r]m)I% of acetic anhydride were, dissolved in 200 m of
ux

tol uene and T A irhgl heueeinake ere¥peliesrtyen, 1R he0? gaktebn
product syas & MasherbERrdB! hq higesel ugnisves e ny R A G

obt ai negwgr o%‘%tct S pu%%i@e%ﬁ%y recrystal %?zati onr% t t hyl acélt ate
and acetoni tsolwetion obt2 mb) cofpb2indl g epresentradoby ¢he fol | owi ng
Formula (26)pc?1§as}s8i1§m9t—(éétgxfgglw’agégégd Ei‘}%%wc:{fsezgo 9c%i%f s8Tu P18 %d

stirred for 1 hour. After the reaction, 200 ml of toluene

of toluene w
concentrat ed
sol vent was renoved to obtain

was added, the reaction product was washed with concentrated



into 75 m of nethanol. 80 m of an aqueous solution of 8.0 g (199.2
mmol ) of sodi um hydroxi de was added to this solution and refluxed for
3 hours. After the reaction, the reaction 20 product was washed with
concentrated hydrochloric acid and then y4th water, the solvent was
removed, and the obtained 95 product was purified by reslurrying
with tol uenenl@rebhabpideCaéP@aHd ehaal i dRrwaedt verdErhesenl eenbywas
the followng formula (27) as 15.1 g (31.2 nmmol, yield rate of 94 %
of a yel | ow Eempyed HECZRRIN 2 CoqulFa?édcﬁ@leP%e%cbid las i bt iing

i ssolved i nt BBk oK il (el et 7 Rers 6T aeP, ¥

pot assi um cavbhangeeowds added to this solution, heated to 10 60C and
stirred for 3 hours. After the reaction, 200 ml of toluene was added,
the reacti onHRCHJDOOONAS washed in water, and the sol vent was renoved

to obtain a conpound represebPEH Py t following fornula (28) as
8 96) of a yellow solid. BnQOCOBn
0

20.3 g (30.6 mmuol, yielI rate of

150 The cerfpeynd rmul a (28) was dispersed into
200 m of isoprqp 44 m of an aqueougzmol ution of 36.7g
(918 . 0 nmol) geli um hedr oxinde was added to this solution and ref
| uxed for 3 hours. After the reac 20 300 mM of ethyl acetate was
added, the reaction product was $hed with concentrated
hydrochl oric acid and then\MJjD B «’f' asoippl vent was renoved, and
t he obt aisned product was purified by reslurrying with toluene to

obtain a carboxylic acid derivative represented by the follown

formula (29) 5 as Tye 2YPRABMD Hbhe Fheve fwlst @8y L6r 4a9yg1~“r%vv
sol i d. HOOCQRA, P8 (€931 PP Qre and 76T gCOTREHNE Ghol NeoAROME i c
formula (29) was dispersed into 180 51 of to?uene. 9.1 g (90.0 mmol)

of tri et hyl amhegdaibde 1¥e7e P80 veduln) 26f0 ailphEniybphesphwng|zef bexed

dded 10 to. t.hi | ytd d sti d_at
hours. 60 geiob TRRy) Mtk Ao Fenkt Ehnae R BT REh A S Pt
carry oulp a wgekédon atatdS fiife Zesra wi6 Femofedl handl thasomdtated

to this solution, and then, 16.8 g (300.0 nnglé of, gota si um hydr oxi de
was added andrPeRC WesPYE!E3eARN SSCIBSARL of 2RRECPIHT BRIY &tAfGI LS

was distilleg,gffc8tcAEPRLePEESSHESInt 8t &a{a 8t0h ur@pruesneddedy the

reacti on solution was washed in water, and e solvent was renoved to

obt ai n a conpolhdwieprEswnekal 036} v 1@ 1Y@ (g3 8rmubad, (BD§ldsrate
(26.4 nmmol , yield rate o 9 .@ yellow solid. 20 OCH3 (30) 97
The conpoundy%f°fh%§a %vérgggé%f§£%§0) was di spersed into 150 m of
acetonitriley @ndaddsd 3 9.(1300tamml) of a 6 % hydrochloric acid
aqueous sol utfon‘was adged apt cooled to O to 5C. 8.2 g (39.6 mol)
of a 33 % sodiumnitrife aqueous 5 solution was added to this

sol ution and stiresg ~N30Am .99 (132.0 mmol ) of a50 %

pot assi um i odi dg ded to this solution and
stirred at room [ After t? reaction, toluene
was added, the reat i ¥shed in mé , the solvent was
removed, 10 and the obtai nedl prod as purified by colum

chromat ography to obtain a ?ﬁgune pregented by the follow ng

formula (31) as 12.5 g (19.0 |, yieldTat®e of 72 % of a yell ow
solid. OBn 15The conmpound gf the above formula (31) was di spersed
into 373gmM of toluene and d@oled to -50C. 13.1 m (20.9 mmol) of
n-butyl lithium (1.6 M hexane sol ution) was added drogmﬁse to this
sol uti on and stirr8ee fermmong qft &de abgve Spraulal (enk Wt diewred
3.7 g (23.8 upl);:06,2 Lelgramt Oy | £y pRexanaBe pasnaddas o
dropwi se to Jf%?é 7s%F“&t ggﬁm%%%alg?ll'rredﬁat g% or ours. B\f\e?e}l tﬁe
reaction, tofuarse asmadljles sbheéumdapdroni ge edscadded twashid dalution
vater, and refluxed for 3 hours. After the reaction, the reaction
20 product was washed with concentrated hydrochloric acid and

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



the solvent was renoved, and the obtained product was purified by
- reslurrying with methanol to obtain a compound 25 represented by the
following fornula (32) as 7.5 g (11.0 mmol, yield rate of 58 %) of a
yell ow solid. 98 0 The conpound of tdhe above formula (32) was
dissolved in 150 m of tetrahydrofuran, and 2.8 g (44.0 mol) of
ammoni um f orget @, a0 decde Il %yﬁ@!ab@qwﬂiﬁgrmgﬁ HET Ecrfe des tdih

stirred at roomtenperature for 8 hours. After the reaction, 50 m of
tol uene was aduethoxkic eseid clepraficre ePIeRHIEEI dPvdthe faljewing

solvent was distilJle f f h t aj pr Qoyct i fded.\b
reslurrying f/l\?]fr\]\u l ﬁzeﬂ)e ':t\%aic}%‘[%ii gﬁc'gjrrp%ld’ S&;L)%:le%\ﬁatsceég%fy E,tﬂ‘ﬁeﬂ) bt
following fofmedr ¢w¥33orbd6.0 10 g (10.1 mol, yield rate of 92 % of
a yellowsolid. CH3 HC OCH3(33) OC H3 0 The conpound of the above
formula (33) was HIDOEQ| ve i pPOH20 m of toluene and heated to 90C.
57.69 (303.0 mml) of p enesul fonic acid nonohydrate was added to
this 15 solution and ref ed for 4 hours. After the reaction, the
reaction product S N wat epgcH.he sol vent was renoved, 99
and the obtai ned rified By columm chronat ography to
obtai n a napht hd ; ed by the fgpfyowi ng fornula (34)
as 4.4 g (7.6 mmol7 ) of a white solid. H3C CH3 H3C
OH OC H3 OCH3 50 anal ysis values of this
product were 78.96 % of C, 7. #H, % of N and 11.12 %of O
which were al nost equal tg the|cal cul ated val ues of C38H43N04 (C:
79.00 96, H 7.50 % N 2.42 % 0: 11.08 % . 10Wen the proton

nucl ear fFagnetic resonance s‘bectrum of the product was neasured, it
showed a 32H peak e Ve 1 ST R f.ar t

ppm and 11H peaks “ﬁg‘%e%%’?%%%% gr Ol}gétajﬁa@a%@at?%@ngﬁ%ﬁpr%t@r}ﬁi
5 of around B21) tamdd80 7ppnickhRumnbé) , oftremzyHe chl3Gradel eare mhgmstlived

resonance spectrum was asured, Lt owed . eak based; h r

of an aromat® ]rfi%fvﬁto%%o%'glla’ﬁﬁbf‘yf VR ’ppﬁoaﬁdga(rgé;ai nﬁmaos d%ﬁ
the carbon ofo@flssd ! cariosmatd Padfaddaingd 2hio A0 yrnen 2Mdatas to
confirmed fromthese results that the isolated product was, a co ourid

represedfed $Y° € RNALBYECFRR niPh 3 3agurs ThiAf tedngdith &3¢ H Faprifom
compound use(gl)E E%ﬂ.h@ﬁg@?&’é’ 8 BTl %ea,c?:@gn_produ&\@QQEWSHéH@ﬁ%%r,
shown in the tables bel ow were ‘synt hesized i'n the same nmanner as in
Exanpl e 149.amheme belsenucras esmofvechsoothti ired progoend nguresented

anal yzed by usi t ane _structure firm n [ anpl
120, s nelty (e | FeEO R S, B A IR A% Al
Exanpl es shomgd nofabs exy. ofabl geBlshiowslihe el enental anal ysis

val ues, cal cul ated val ues obtained fromthe structural fornul as of

the conpounds anBhoOaracteyi st.OBnlH NVR spectra of these conpounds.
101 (2114N) NN-H1L 65.0 16H 60.5-4.5 24H 65.0-9.0 16H

(28)

A (M

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

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



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

2;—9 TLO'OE 88wagh%§7w%t§8coﬁc%tr%t%ﬁs) hfdPQQh.@grig 90:30208 tRen whEML

water, the solvent was removed, and the obtained product was
purified by reslurrying with toluene to obtain a carboxylic
acid derivative represented by the following formula (29)

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

(29)

OCHj

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

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

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

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

H,N OBn

(30}

20 O
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The compound of the above formula (30) was dispersed
into 150 ml of aceteonitrile, and 113.3 g {130.7 mmol) of a
6 % hydrochloric acid aqueocus solution was added and coocled
to0to5°C. 8.2g (39.6mmol) of a 33 % sodiumnitrite aqueous
solution was added to this solution and stirred for 30 minutes.
21.9g (132.0mmol) of a 50 % potassium iodide agqueous solution
was added to this solution and stirred at room temperature
for 6 hours. After the reaction, toluene was added, the
reaction product was washed in water, the solvent was removed,
and the obtained product was purified by column
chromatography to obtain a compound represented by the
following formula (31) as 12.5 g (19.0 mmol, yield rate of
72 %) of a yellow sclid.

| OBn

‘ OCH,

(31)
LT
[ j OCH,

0O

The compound of the above formula (31) was dispersed
into 375 ml of toluene and cooled to -50°C. 13.1 ml (20.9
mmol) of n-butyl lithium (1.6 M hexane solution} was added
dropwise to this solution and stirred for 30 minutes. 7.3
g of a toluene solution of 3.7 g (23.8 mmol) of
3,3,5,5-tetramethylcyclohexanone was added dropwise to this
solution and stirred at 0°C for 3 hours. After the reaction,
toluene was added, the reaction product was washed in water,
the solvent was removed, and the obtained product was
purified by reslurrying with methanol to obtain a compound
represented by the following formula (32) as 7.5g (11.0 mmol,
vield rate of 58 %) of a yellow solid.



T/7E. 08 60 Z8 LL ' 08 TO 8 9 .98 179 98 L898 LO is LL'8L L8 ' SL
Exanpl e No. of chromene conmpounds* HNnt, Ln IDr- 03 0l OT IT
Exanpl e No. OST TST ZST EST VST SST 991 LST 891 691 102 (NN) NN H1L
55.0-9.0 12H 50.5-4.5 17H 55.0-9.0 11H EIQ 5-4.5 17H 55.0-9.0 81-1
50.5-4.5 191-1 55.0-9.0 11H 50.5-4.5 21 %5. 0-9.0 12H 50.5-4.5 39H
55.0-9.0 12H 50. 5- 4Cﬁ327H 55.0-9.0 12H 50.5-4.5 231-1

(32)

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

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

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

(33)

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

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

reaction product was washed in water, the solvent was removed,
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and the obtained product was purified by column
chromatography to obtain a naphthol compound represented by
the following formula (34) as 4.4 g (7.6 mmol, yield rate
of 75 %) of a white solid.

(34)

OCH,

The elemental analysis values of this product were
78.96 $ of C, 7.54 ¥ 0of H, 2.38 % of Nand 11.12 % of 0 which
were almost equal to the calculated values of C;gHy3NO, (C:
79.00 %, H: 7.50 %, N: 2.42 %, O: 11.08 %). '

10 When the proton nuclear magnetic resonance spectrum
of the product was measured, it showed a 32H peak based on
an alkyl group at 6 of around 0.5 to 4.5 ppm and 11H peaks
based on a hydroxyl group and an arcmatic proton at 8 of around
5.0 to 9.0 ppm

15 Further, when the C-nuclear magnetic resonance
spectrﬁm.was measured, it showed a peak based on the carbon
of an aromatic ring at 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.

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

This compound is a naphthol compound used in the above

Example 3.

25 Examples 150 to 219
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Naphthol compounds shown in the tables below were
synthesized in the same manner as in Example 149. When the
structures of the obtained products were analyzed by using
the same structure confirming means as in Example 149, it
5 was confirmed that they were naphthol compounds used in
Examples shown in Table 7. Table 8 shows the elemental
analysis values, calculated values obtained from the

structural formulas of the compounds and characteristic

H-NMR spectra of these compounds.



Table 8

a1 Example No. Elemental analysis wvalues 1 -NMR
Nop of chromene Experimental values Calculated values (NMR)
compounds * c H N 0 H N 0
55.0-92.0 16H
150 1 80.34 7.51 0.00 12.15 | 80.43 7.33 0.00 12.24 50.5-4.5 24H
55.0-9.0 16H 2
151 2 82.09 6.87 0.00 11.04 | 82.16 6.89 0.00 10.94 50.5-4.5 24H D
55.0-9.0 11H ﬁ
152 4 80.77 7.86 2.79 8.78 80.71 7.71 2.61 8.96 50.5-4.5 30H ;)
<
565.0-9.0.11H o
153 5 83.01 7.54 0.00 9.45 82.97 7.56 0.00 9.47 50.5-4.5 251 ;
05.0-9.0 13H o
154 6 85.57 7.36 0.00 7.07 85.68 7.41 0.00 6.92 50.5-4.5 21H Q
©5.0-9.0 15H o
155 7 86.64 7.16 0.00 6.20 B6.68 7.08 0.00 6.24 50.5-4.5 214 =
Q)
55.0-9.0 17H o
156 8 86.87 7.05 0.00 6.08 86.95 7.11 0.00 5.94 50.5-4.5 218 2
55.0-9.0 11H 2
157 9 81.07 7.53 2.49 8.91 81.13 7.54 2.56 8.76 50.5-4.5 30H %
85.0-9.0 11H ®
158 10 78.777 6.16 0.00 15.07 | 78.85 6.14 0.00 15.01 50.5-4.5 1i5H ©
55.0-9.0 11H S
159 11 75.87 5.69 0.00 18.44 | 75.68 5.65 0.00 18.67 50.5-4.5 134 ©

*Examples of chromene compounds produced by using the naphthol compounds of Examples.
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Table 8 (continued)

,T8 6 .19
09

S .8S
40 213 ZN71 Z 000

oxample Example No. . Elemental analysis values 1g_NMR

No. of chromene Experimental values Calculated values (NMR)
compounds* c H N o I o N 0

160 12 83.14| 6.38 | 0.00 |10.48[83.01| 6.29 | 0.00 | 10.70 gg:g:z:g 13%
161 13 73.928 5.49 0.00 - 73.83 5.42 0.00 6.15 ggg:zg %%E
162 14 74.77| 5.68 | 3.05 |16.50 | 74.83 | 5.65 | 2.91 | 16.61 gg:g:z:g 122
163 15 82.24 7.22 0.00 10.54 | 82.27 7.13 0.00 10.61 ggg:zg éig
164 31 83.44| 8.79 | 2.39 | 5.38 |83.49 | 8.71 | 2.37 5.42 gg:g:z:g %gg
165 32 83.28 7.82 2.68 6.22 83.13 7.77 2.77 6.33 ggg:zg égg
166 33 82.74| 7.41 | 2.99 | 6.86 |82.98 | 7.39 | 2.93 | 6.70 o022 12
167 34 82.66 7.29 0.00 10.05 | 82.81 7.16 0.00 10.03 ggg:ig %311:11
168 35 82.79| 7.46 | 0.00 | 9.75 |82.89 | 7.37 | 0.00 9.74 gg:g:z:g éig
169 36 85.61| 7.79 | 0.00 | 6.60 |85.67 | 7.61 | 0.00 6.71 gg:g:z:g éig

*Examples of chromene compounds produced by using the naphthol compounds of Examples.
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Table 8 (continued) _
Example Elemental analysis values 1g_NMR
Ex;g?le cﬂgémgie Experimental values Calculated values (NMR)
compounds* c H N 0 C H N o

170 37 82.39 | 7.04 | 0.00 - 82.47 | 6.92 | 0.00 | 6.66 gg:g:z:g %ig
171 38 82f59 7.38 3.21 6.92 82.45 7.37 3.10 7.09 gg:g:z:g ;;E
172 39 79.51 6.69 0.00 - 79.45 6.88 0.00 6.83 gg:g:z:g %ig
173 40 81.39 7.90 2.46 B.25 81.35 7.88 2.43 8.34 gg:g:z:g %ig
174 471 81.45 g.11 2.45 7.98 81.46 8.03 2.37 8.14 gg:g:i:g %éﬁ
175 42 81l.42 7.95 2.36 8.27 81.35 7.88 2.43 8.34 gg:g:z:g éig
176 43 82.64 7.09 2.21 8.06 82.72 7.11 2.30 7.87 gg:g:z:g ;gg
177 44 75.01 | 6.54 | 2.46 - 75.12 | 6.49 | 2.58 | 8.83 gg:g:z:g ;ig
178 45 67.20 5.51 2.34 - 67.18 5.48 2.18 7.46 gg:g:z:g éig
179 46 67.99 | 5.89 2.04 - 67.95 5.85% 2.09 ) 7.15 gg:g:z:g ;ég

*Examples of chromene compounds produced by using the naphthol compounds of Examples.
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Takle 8 {(continued)

Example Elemental analysis values 1 -NMR
Ex;gple cﬁgémZEE Experimental values Calculated values (NMR)
compounds* H N o) c H N o]
190 57 78.78 7.10 2.25 11.87 78.89 7.07 2.08 11.%24 ggg:zg ggg
191 58 83.45 8.14 0.00 8.41 83.58 8.07 0.00 8.35 ggg:ig %ég
192 59 81.24 | 7.99 5.13 5.64 | 81.39 | 7.91 | 5.00 5.71 gg:g:z:g %gg
193 60 81.84 | 8.12 | 4.75 | 5.29 | 81.96 | 8.05 | 4.66 | 5.33 gg:g:z:g égg
194 6l 81.96 8.31 4,67 5.06 82.04 8.20 4.56 5.20 ggg:zg %gg
195 62 82.03 7.97 4.54 5.46 81.96 8.05 4.66 5.33 ggg:ig ;‘23
196 63 83.21 | 7.42 4.37 5.00 | 83.24 | 7.30 4.41 5.04 gg:g:z:g %gg
197 64 79.82 7.65 4.71 7.82 79.70 7.69 4.65 7.96 ggg:zg ;ig
198 65 76.06 6.81 5.01 - 76.03 6.74 4,93 5.63 ggg:zg égg
199 66 68.31 5.82 4.31 - 68.25 5.73 4.19 4.79 gg:g:z:g %gg‘

*Examples of chromene compounds produced by using the naphthol couwpounds of Examples.
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Table 8 {(continued) *
' 1
Eamole Example No. Elemental analysis wvalues 1H-NMR Fe
Nop of chromene Experimental values Calculated values (NMR) P
- * T
compounds c H N 0 c H N o :
85.0-9.0 12H'Y,
200 67 68.85 6.15 4.04 - 68.95 6.08 4.02 .59 50.5-4.5 BOH()
55.0-9.0 13H
201 68 80.99 7.42 2.71 8.88 81.02 7.37 2.62 8.99 50.5-4.5 ZGHE;
N
55.0-9.0 12H¢)
202 69 81.78 8.10 2.1%9 7.93 81.91 8.02 2.27 7.79 50.5-4.5 37H ]
©5.0-9.0 12H_
203 70 81.93 7.91 2.46 7.70 81.83 7.87 2.33 7.98 50.5-4.5 35H [ -
10
$5.0-9.0 12HWY
204 71 81.87 7.80 2.41 7.82 81.73 7.72 2.38 8.17 50.5-4.5 33HU%|
((%
. d
65.0-9.0 12H
205 72 : 82.69 7.95 1.99 7.37 82.72 8.00 2.10 7.19 50.5-4.5 41H§15
o
5.0-9.0 12H3 &
206 73 8z2.79 8.05 2.0%7 7.09 82.72 8.00 2.10 7.19 50.5-4.5 41Hc_|:-.
o
55.0-9.0 12HZz —
207 74 82.39 7.91 2.34 7.386 82.26 7.87 2.23 7.64 50.5-4.5 3'7Héo
=
85.0-9.0 12H | o
208 75 79.10 7.46 2.51 10.93 79.00 7.50 2.42 i1.08 50.5-4.5 31H g
>
85.0-9.0 12H |®
209 76 79.34 7.88 4.86 7.91 79.29 7.85 4.'_74 8.12 50.5-4.5 34H

*Examples of chromene compounds produced by using the naphthol compounds of Examplés.
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*Examples of chromene compounds produced by using the naphthol compounds of Examples.
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Table 8 (continued) SkeLHe
Elemental lysi 1 1 IIIEIIIQ-IOO
Example Example No. ana_ ye.s va_ues H-NME § o b o 00 3
Nop of chromene Experimental values Calculated values n PP CR L
- ) GO O1 ~
compoungs o N o N oo L1 o
o A 01 A
210 77 80.64 | 7.14 | 2.24 | 9.98 | 80.72 | 7.09 | 2.19 | 10.00 |23-:0-2.02@FHaupuonp
| 50.5-4.5 28 | o, o O
@%f%b*
55.0-9.0 ©
211 78 79.54 | 7.29 | 3.97 9.20 | 79.51 | 7.25 | 4.03 9.21 |30 5.2 SBioborS
GO0l
55.0-9.0 Jaso o T w
212 79 84.21 | 8.16 | 2.46 5.17 | 84.10 | 8.23 | 2.34 | 5.33 50.5-4.5 Sz >©8;
55.0-9.0 gfuCPeTX
213 80 83.56 | 7.85 | 2.75 | 5.84 | 83.58 | 7.77 | 2.63 602 | 50i5 a5 Soms o a
o1 T [T T U100
214 81 80.21 | 7.25 | o0.00 | 12.54 | 80.28 | 7.13 | 0.00 | 12.58 [35-0-2.0 185 oo
: : 50.5-4.5 @S o,
55.0-9.0 2L
215 82 80.04 | 6.91 | 0.00 | 13.05 | 80.13 | 6.93 0.00 | 12.94 |2>-077-0 orm?
. 5-4. e
216 83 79.68 | 6.64 | 0.00 | 13.68 | 79.80 | 6.48 | o0.00 | 13.72 |22-0-9.0 PwoZ
50.5-4.5 .

IrTo

55.0-9.0 > o

217 84 80.25 | 7.21 | 0.00 | 12.54 | 80.28 | 7.13 0.00 | 12.58 o
50.5-4.5 2
no T

218 85 80.26 | 7.16 0.00 | 12.58 | 80.28 | 7.13 0.00 | 12.58 25'0'9'0 poo
0.5-4.5 hoao
219 86 76.14 | 5.79 | 0.00 | 18.07 | 76.00 | 5.92 | 0.00 | 18.0s |23-0-2.0 ER™o
: : . : : 50.5-4.5 rTor

o
N O

T



99" V95 V99 VTV V59 V E6V 61*V LO L LO16 L 508 Oz 8
5008 CE' L 69 L VL 9 EL5 68 8L 85 8 6E18 9618 VO Z8 9618 8 CL
EL O 9L Sz89 Experimental values O L8 TT TV 8 T795 6. 5 905 9V-5
005 z8 L I | S. 00 O ET'S 51/f" L9 4fyg

Examples 220 to 222
Photochromic plastic lenses were manufactured and

their characteristic properties were evaluated in the same
manner as in Example 18 except that the chromene compound
5 {(chromene compound No.l) of Example 1 of the present

invention was mixed with each of the following chromene

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

The results are shown in Table 11.

(35)

(36)

10



VS VLE 7 TL't TOS 01 LVI866 L ZT 8 TE*8 L6 ' L Zt L
S9'L 18 9 Z8.5 8L 8L St' 8 VZ T8 V8 18 96 T8 EO Z8 TZ ' 8 Z8' 6L
90 9L 1E 89 Exanple No. of chromene conpounds* LS 8S 65 09 19 Z9 E9
V9 59 99 Exanple No. 061 161 Z61 61 V61 5f1 961

(37)




L61 861 661 (UNN) ?INN -HI

55.0-9.0 12H 50.5-4.5 30H 55.0-9.0 13H

50.5-4.5 2614 55.0-9.0 1214 50.5-4.5 3714 55.0-9.0 1214 50.5-4.5 3514
55.0-9.0 1214 150.5-4.5 3314 55.0-9.0 1214 50.5-4.5 4114 HV 517-504
HZT 06-052 55.0-9.0 1214 50.5-4.5 3714 %_.00-9. 0 1214 50.5-4.5 3114
anal'ysi s val ues Cal cul at ed
values 0 69 668 6L 'L 86 L LT'S 61 16lc & T79 L 80 TT ZT 8

55.0-9.0 12H 50.5-4.5 3414 El enent al

301" 39 zZz1lZZ EE Z BE Z OQFZ Or ZEr%Z!?SVL £

- Photochromic compound
Example p Color

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

Amount {parts

221 by mass) 2.5 - - gray
222 2 - 0.1 0.2 brown
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Color Fading Inltla.l Initial , Color L
. Double peak coloration \ Residual mow -
Amax jOptical . , half , coloration development Q © 00
Example . characteristic . {absorption . . rate s w
density period {thermochromism) sensitivity | ™ ®
No. end) N = o —
T1/2 . L mo N
(nm) Bo Ay /Bg (sec) (nm) (%) (Rso/Ro) x100 8(10)/8(120)111,_8;
463 1.01 66 89 90 NSO O
22 . 411 . o O
0 576 0.98 1.03 66 89 91 0.29 - %oc-a
457 1.09 68 89 90
. . oo
221 1 598 | 1.09 1.00 68 410 89 89 0.28 N;OO_
456 1.08 €8 88 89 Wm__ o
2 . .28 op
42 578 | 0.70 1.54 68 408 89 89 0 ~ 0
g
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ST 9 317SL OT 8 T6 L 06 'La 56'L 50 8 16 L 9T7L 68 L S8 89
66 08 8L T8 E618 8 18 6978 6L 38 CGE 38 O EL VE EL Exanple No.
of chronene conpounds* L9 89 69 OL IL ZL EL 171. SL 9L Exanpl e No.

003 TQZ zQZ EQZz 170Z SOz 903 LOzZ 803 60?1 108 Examples 220 to 222
Phot ochrom ¢ plastic | enses were nanufa Wfred and their

characteristic pr Oﬁﬁg%ﬂcfiﬁne ‘&?L%aﬁié" Ho! dyd ﬁg%tﬁ%ci%ﬁigaﬂfgétfé 1dhses

Exanpl e 18 except 't ronene conpou
which were obtained by curing the chromene compositions of

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

and high color development sensitivity.

Effect of the Invention
The chromene compound of the present invention

10 develops a color of a neutral tint and has little initial
coloration, high color development sensitivity, high color
optical density and a high fading speed even when it is
dispersed into a solution or a polymer solid matrix as well
as excellent durability.

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

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

a long time.
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THE CLATMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. 2 chromene compound having a skeleton represented by the

following formula (1):

(D

wherein R' is an aryl group or a hetercaryl group, and R? is an
electron donor group having a Hammett constant <, of not more

than -0.1.

2, The chromene compound according to c¢laim 1 which is

represented by the following formula (2):

@

wherein R! and R? are as defined in the above formula (1), 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 a benzene ring bonded thereto via the nitrogen atom,
cyano group, nitro group, formyl group, hydroxycarbonyl group,
alkylcarbonyl group, alkoxycarbonyl group, halogen atom,

aralkyl group, aralkoxy group, aryl group or aryloxy group, R®
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and R® are each independently a group represented by the

following formula (3):
~fe——ch}—ro 3)
m
Am

wherein ®R® is an aryl group or heteroaryl group, RY? 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=c——r" “)
n

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

an integer of 1 to 3,
arvl group, heteroaryl group or alkyl group, R® and R® may be
bonded together to form an aliphatic hydrocarbon ring together
with the carbon atom bonded thereto, R’ and R® are each
independently a hydrogen atom, hydroxyl group, alkyl group,
halcalkyl group, cycloalkyl group, alkoxy group, amino group,
heterocyclic group having a ring member nitregen atom and
bonded to the l1l3-position carbon atom via the nitrogen atom,
cyano group, nitro group, formyl group, hyvdroxycarbonyl group,
alkylcarbonyl group, alkoxycarbonyl group, halogen atom,
aralkyl group, aralkoxy group, aryl group or aryloxy group, R’
and R® may be bonded together to form an aliphatic ring having
3 to 20 ring member carbon atoms, condensed polycyclic ring
having an aromatic ring or an aromatic hetero ring condensed to
the aliphatic ring, hetero ring having 3 to 20 ring member
atoms, or condensed polycyclic ring having an aromatic ring or
an aromatic hetero ring condensed to the hetero ring, . together
with the 13-position carbon atom bonded thereto, “a" is an
integer of 0 to 2, and b is an integer of 0 to 4, with the
proviso that when “a* is 2, two R3’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.
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The chromene compound according to claim 2, wherein R! is
an aryl group having 6 to 14 carbon atoms, a heteroaryl
group having 4 to 12 carbon atoms. or an aryl group having &
to 14 carbon atoms or a heteroaryl group having 4 to 12
carbon atoms substituted by at least one substituent
selected from the group consisting of hydroxyl group, alkyl
group, haloalkyl group, cycloalkyl group, alkoxy group,
amino group, heterocyclic group having & ring member
nitrogen atom and bonded to a benzene ring bonded thereto
via the nitrogen atom, cyano group, nitro group, Fformyl
group, hydroxycarbonyl group, alkylcarbonyl group,
alkoxycarbonyl group, halogen atom, aralkyl group, aryl

group and aryloxy group.

The chromene compound according to claim 2 or c¢laim 3,
wherein R? is a hydroxyl group, alkyl group, cycloalkyl
group, alkoxy group, arvloxy group, amino group or
heterocyclic group having a ring member nitrogen atom and

bonded to the 7-positicon carbon atom via the nitrogen atom.

The chromene compound according to any one of claims 2 to
4, wherein R’ and R are bonded together to form an aliphatic
hydrocarbon ring together with the 1l3-position carbon atom,
and the aliphatic hydrocarbon ring has 3 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.

The chromene compound according to claim 5, wherein the
aliphatic hydrocarbon ring is a cyclohexane ring substituted

by an alkyl group having 1 to 4 carbon atoms.

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

monomer.

8. A photochromic optical article having a polymer molded
product containing the chromene compound of any one of
claims 1 Lo 6 dispersed in the polymer molded product as a

constituent member.

9, 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 any one of claims 1

to 6 dispersed in the polymer film as a constituent member.

10. A naphthol compound represented by the following formula
{(5):

()

wherein R*, R? R* a, R?, b, R’ and R? are as defined in the

above formula (2).

11. A chromene compound according to claim 1, substantially as
hereinbefore described, with reference to any one of the

Examples; excluding Comparative Examples.

12. A naphthol compound according to claim 10, substantially
as hereinbefore described, with reference to any one of the

Examples; excluding Comparative Examples.



