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NOVEL PHOTOCHROM C HETEROCYCLI C FUSED 1 NDENONAPHTHOPYRANS 5

-DESCRI PTIveb 98is2087E | NVENTI ON - The present i nvegripsprisabat es
to“certain novel napht hopyran conpounds. Mre particularly, this

I nvention rel ates to novel photochrom c heterocyclic fused

I ndenonapht hopyran conpounds and to conpositions and articles 10
cont ai ni ng such novel indenonapht hopyran conpounds. Wen exposed to
el ectromagnetic radi ation containing ultraviolet rays, such as the
ultraviolet radiation in sunlight or the light of a nmercury |anp, many

phot ochr om ¢ cONPUYERJBHERICHROMIE HETEROCECSHIM| FUSHIANMEPOENONABHDHOPYHENS t he
ultraviolet radiation is 15 discontinued, such a photochrom c conpound
wWill returntoits original color or colorless state.

Various classes of photochrom c conpounds have been synt hesi zed and
suggested s or use in applicathpssgip ‘ t@ipt - 1 nduced
reversi bl e col or change or dar . U.S. Patent 3,567,605
(Becker) describes a sefirePrssent é}}?’ﬁﬂtﬁ%ﬁl Wa}% to gertaingreert ain

benzopyr ans &ﬁ@hthoﬁ?@é)ﬁ W@ﬂm Thgsee CpaPOLANGRANE @BSEM i ROEndson
derivatives are reﬁorted to under Hﬁegslor change,

e.g., fror‘ﬁe(}&FS?l 58 ?%e]y@ GRBFIMYE; PO TR ul traviol et 25
| i ght at tenpmﬁahunaphtmbpmraﬂxmdmpoﬁﬁﬁsra@d:toIddmpbsﬂtu@nsoénahsrtlcles

compounds;ght Lanklshbhg d&?%onel“RBﬁe%xﬁhé%ﬂ%é LLRELBHGE, | whey 200VE

about O[err]C 1s report 0 reverse on to~a tol OFTess
state. exposed tg) gleqinampgnetdecradiatien riqdntaipingoudtgadioletr yl - 30

3H napht ho[ 21r1ayl§], pgﬁéﬂsa@stﬂ@w&&a@%néabﬁdmcﬁpfl&p@bﬁu nP! 8PELHd €S,
i.e., high cql &?bl ity and ac&ﬁgygbl e ade for opht halm_c and ot her

appl i cati ons: sB8T df SRS yUBRY Photprhromic, comparpfie exhibit ‘818
patent are thevegsfiBlécCchange in color. When the ultraviolet radiation is

15 discontinued, such a photochromic compound will return to its

original color or colorless state.
Various classes of photochromic compounds have been
synthesized and suggésted for use in applications in which a
sunlight-induced reversibie color chaﬁge or darkening is
20 de31red U.s. Patent 3,567, 605 (Becker) describes a series of
pyran derivatives, 1nclud1ng certain benzopyrans and
naphthopyrans. These compounds are described as derivatives
of chromene and are reported to undergo a color change, e.qg.,
from colorless to yellow-orange, on irradiation by ultraviolet
25 1light at temperatures below about -30°C. Irradiation of the
compounds with visible light or upon raising the temperature
to above about 0°C is reported to reverse the coloration to a
colorless state.
U.S. Patent 5,066,818 describes various 3,3-diaryl-
30 3H-naphtho[2,1-b]pyrans as having desirable photochromic
Properties, i.e., high colorability and acceptable fade, for
ophthalmic and other applications. Also discldsed by way of

comparative example in the '818-patent are the isomeric 2,2-
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-2- di aryl - 2H naphtho [ 1, 2-b] pyrans, which are reported to require
unaccept periods of time to fade after activation.

U S. Pat ent(y%#,'%g% 690 descri bes photochrom c 2, 2- PCI/USITNS433 .
di - substi t ut-ed- 2H napht ho[ 1, 2- b] pyran conposi ti ons containing 5 m nor

amounts of either a base or weak-to-noderate strength = acid. The

addition of either an acid or base to the napht hopyran conpoesition is
reported to increase the fade rate of the col ored napht hopyrans, thereby
maki ng t hem uddxyl-2Hinaphthodde2cdt Pyrangpl Vehfh orize W%%GHQF&%EE? It -

i's 10 reportgghddgieivh J Wl peididlust B tagle tateadd aAftdrapichoation.
[1, 2-b] pyrans without the afogrenentio g ggéjl#ves.br anggs from %gyeral
hours to many days to r&afh EBRHPEL ér?é ePY giescribeg BhosarhRP™IC gd g2 o6

di scl oses purcpi-a\h&;tﬁﬂfﬂezr-img-naphtpbquoehbmpyraben:mnposdrtijmhchapyliamag :
having al § NG, oSt tddlludes ¥ RIRHR. LNBaQKY 0RMOLi i it BE-2nBRRNY!
group having a Hitrogen contal i ng supstituent rn the Srtho or para

positions. acid. The adpidigneodheithesnahoncid| er &ase teokle
i ndenonapht hofdn eV AD LRRAYRABNNEY Repdred@std iadd¥e 2Be fade

unsubstituted heterocyclic ring, the 2,3 or 3,2 ll[.l)osi tions ,of which are
fused to the ¥2tHh of the cplares mapbthepyrans, theprine Rt fPemn usghnt
certain substih ueyd ordtddiicnr applik@tibnensatht 8¢ pyriglassesy. Ihede

conpounds  have unexpect.edl en found,to denonst.r.at rom c
shirr})t 25 fIQr Y?‘%°%?/€I eg’feﬁ"r} M SFi S Fetfé‘Seg?‘rg%nfaaevﬁeﬁ?n}R%gg%go’ '
maxi mum absor pti2rblytdre aditihcatte dhec eiforeupntienediaddicives ghadgeshr omi c
conpound, i . egreh NG AT, JE Y %’)an?g%%sgf reaéﬂ?%&%ﬁ.é’&s'&lé&ﬂeﬂibﬂ.-

activated colors ranging from orange ue/ grail. 0 _

DETAI LED DESCRt PTIRAFrt TH8y8vAqTIddgcloses purple/blug (£lardmg years,
‘phot oclhrom' lc_ﬂh@ﬁéd:}@rdsmi@rﬂe’:ﬂ&-b or rﬁ@ih&:lmh ] g_&aéhy ?éwaﬂtq' CatiTedhe l'paalss._ tfion -
optical applications, have e e_subj ect of _cagnsi der _ i gn.
In parti cﬂ?ar?l B3 ho¢ %r°d’r¥gce’b;9%]ﬁé{1¢mpé’r6 astie ?e%seensﬂha%%“g’eg’tﬁ%g% &

i nvesti gat ed nitrédgemusentinirg waibgiti tagngntiingbhe heythyf far paxas- a- vi s,

gl ass

positiomns.
The present invention relates to novel
indenonaphtho[1,2-b])pyran compounds having a substituted or
20 unsubstituted heterocyclic ring, the 2,3 or 3,2 positibns of
which are fused to the g, h, i, n, o or p side of the
indenonaphthopyran, and Cerfain substituents at the 3-
position of the pyran ring. These compounds have
unexpectedly been found to demonstrate a bathochromic shift
25 for the wavelength in the visible spectrum at which the
maximum absorption of the activated (colored) form of the
photochromic compound, i.e., the lambda max (Vis), occurs,
thereby resulting in activated colors ranging from orange to
biue/gray. '
30
DETAILED DESCRIPTION OF THE INVENTION

In recent years, photochromic plastic materials,
particularly plastic materials for optical applications,-have '
been the subject of considerable attention. In particular,

‘35 photochromic ophthalmic plastic lenses have been investigated

because of the weight advantage they offer, vis-a-vis, glass
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- 3- | enses. Moreover, phot ochrom c.transparenci es for vehicles, such
as cars' angoagnpenes, have been of interest because of tbc-m_m;mmhgl

safety features that such.transparencies offer. I n accordance
with the present invention, it has 5.now been discovered that certain novel
I ndeno[ 2, 1- f] napht ho[ 1, 2- b] pyrans hav+ g <acti vated col ors'ranging from
orange to bl ue/gray nay be prepared. These conpounds nay be descri bed as

i ndenonapht hopyr ans | AL ungulst
di - substi tut egxﬁ%? et O%%TI C rr'f'ngf) %d}g&bﬁ%otranggggeﬁgg%l %é\%%g hlvﬁn G are
fused to the guch, as caxs and ap-rplame@es hgvet heennaénen'apmmeseam

certain SUbSt{:ﬁHe&éer?Elal ddved, RNt QBaEhEuEW éﬂaﬁ%ﬁ&er@i&é'&fer.
substituents may al so be present at ,the nunb 11

12, or 13 carbon at of# éFCPI’Fé‘aEGﬁpU&ﬁHsth?h%E%s?”ﬁHeﬁ‘fb‘FPa’tﬂit%pwtahaES
corrpounds sraynb@ BEHr &Sﬂf&&fbxhsﬁ tthem‘ Adrraing ngtrephifidenoc @yl ae | and |’

in which th t the sid f th

and"the nunbef Lot iAet BRI ARRY AstivREe: SRlotr THefH dRetye i o
fused [ ndeonmqphtmpylmgray mtaa( def ipxiepacred . of Thhse sotmpoundningmy? be
shown in forn&é@@rib@c{'%é #nddrithapHEMRIEY AR nbBSn§0R unsHEA0 Qg Y] eSS

stated otherw se
mono—substltuted or di-substituted heterocyclic ring, the 2,3

10 or 3,2 positions of which are fused to the g, h, i, n7 o or p
sides of the indenonaphthopyran, and certain substituents at
the 3 position of the pyran ring. Certain substituents may
also be present at the number .5, 6, 7, 8, 9, 10, 11, 12, or
13 carbon atoms of the compounds. These indenonaphthopyran

15 compounds may be represented by the following graphic |
formulae I and I’ in which the letters a through p represent
the sides of the compound, and the numbers 1 through 13

' identify the ring atoms of the heterocyclic fused
indenonaphthopyran. In the definitions of the substituents

26 shown in formulae I and I’, like symbols have the same

meaning unless stated otherwise.

25 In graphic formulae I and I’, A may be an
unsubstituted, mono-substituted or di-substituted



25 In graphic formul ae | and ', A may be an unsubsti t ut ed,

nono- substituted or di-substituted - 4 - heterocyclic ring -
selected fromthe group consisting of ° benzot hi eno, benzog A8

i ndol o, tY¥O28/82037 "3 2 positions of the heterocyclic rin BEEI ng’f%iugssed to-
the g, h, i, n, o or p side of the indenonaphthopyran. Each of the

af oredescribed 5 heterocyclic ring substituents may be Clerr]-Cerr]

al kyl, derr]-Cerr] cycl oal kyl , C[er'r]4-C[err] al koxy, chlero or

fl . Pref bly, t ._het ' ' | I L
mono Subst | tuREHSTRRCLe Fad AT higeem. e ekl EHERar 502"

C[err]-d err] bmnezpthéenc) chehzefurarto and dndok9, WeRt2pt SfeaBl Posikions .
het erocyclic rd'ff‘gzné %%tégocygfi@sfiﬂd"tﬁéirﬁr £088Q- €6/0eid It &g, ifNa, 20 30T
e

3,2 position of | eterocyclic ring’is fused to_the g _or side o

t he i nden®h&Hden oSy thR, 1aﬂw?»@wt°a%&eyc| i E’agﬁ‘ yF sﬂ't?s%fﬂ’fgﬁfgc.r&ec;r e

g[[err} -(ery] t@ﬁ:!é)tbfc?bl@l[:ei‘iﬂlg Guss§itaidrmey may be Cl-csfalkyl,R[::gr-Cfb and
err], in graphi.c _for e | angd | o OEQAD, @

spiro heteroc éﬁ‘ﬁl@a&?‘éﬁg %&v#ﬁgaﬂ“lx%’ orl%/ié%% a o?rsﬂgf%'f%%f%%tagﬁg' cg}%on

at ons i ncl udi rptemecyclispringah bbh enymstdtukpdr ¥ BeRP WS thE$dead®d be

sel ected fromyfe heterBeQuRiEORSAS 4Kk 1At dRNEE0E8E, cIWE) Gxiky1Clor Cf ~<€ferr]
nmonos- substi_t ut ed

| kyl, - | oal kyl |1yl h I
phonyl . benzyi2 DK ironYeeGhEEPEEE R ol NeBRFBFREL T oS dndt he gr oup, -
CI( I(3) W wherei rumnia;l tikiut ehydr?wnoqzwst]iﬂi{wur,] thek9)3 & 63,7 posdtipn of
al koxy, n - e o2HBo ide e
nono( >C/:[ err]- &Qg}%’ﬁeéﬁrék%%lgg%igg J".'I"H(&d{rjs Sﬁ%der"tr] E‘%Fe?r?ﬁ aﬁ’ ki/ﬁdamorfo,thor Rl err]
and R err] mayindsnensphthepyranp, and the dppterepychher 109 P RSPPES s
Cerr]-Cerr] ﬁé()dlﬁd%hgu%@erc -6} edIidat.kyl , 25 mono ((Jerr]-Cerr])

21 Koxy subst tut ed phonyP (SR8 b PPREkgPrmetad ) by ma o1
aIkoxy(C[elS]-Kﬁgﬂtﬂéﬂﬂﬂq¢m,aﬁ[exo]gf@up;]a(gpﬂr@ahhye;ocyclic group having
oot e Ll P gl oms Ao @ el St gl e,
-CH(Rlerr]) X ,SRiraaATPosafioRy ePF] Risand Ra o §afilobe cf%%‘?‘]t-% 5P LRyl
and each X is gi¥dhp -dIHsAltling0be- RERbéN | hydroxyand; eaghaBiye - |C3-€7
Pyt ogen o LEGElaphapt] UGNl pRbefES hdh ok rha phenttoWnay®,0 Y
’ 20 mono-substituted benzyl, chloro, fluoroc and the group, -
C(O)W, wherein each W is hydroxy, C1-Cg alkyl, C;1-Cg alkoxy,
phenyl, mono-substituted phenyl, amino, mono (C1-Cg) alkylamino
or di(Ci-CG)alkylamino, or Ry and Ry may each be the group, -
OR5, wherein each Rg is C1-Cg alkyl, phenyl(Cy-C3)alkyl,
25 moho(C1-Cg)alkyl substituted phenyl(Cj-C3)alkyl,
mono (C1-Cg)alkoxy substituted phenyl(C;-C3)alkyl, C3-Cg
alkoxykcz—c4)alkyl, C3-C7 cycloalkyl, mono(C3-Cg)alkyl
substituted C3-C3 cycloalkyl, C1-Cg chloroalkyl, C;-Cg
fluoroalkyl, allyl, the group, -CH(Rg)X, wherein each Rg is
"30 hydrogen or C;-C3 alkyl and each X is -CN, -CF3, or —COOR7,
and-each Ry is hydrogen or C3-C3z alkyl, or each Rg is the
group, -C(0)Y, wherein each Y is hydrogen, C1-Cg alkyl, C3-Cg
alkoxy, the unsubstituted, mono- or di-substituted aryl
groups, phenyl and naphthyl, phenoxy, mono- or di-
35 (C1-Cg)alkyl substituted phenoxy, mono- or di-(Cy-Cg)alkoxy

substituted phenoxy, amino, mono(C3~Cg)alkylamino,
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al koxy, the unsubstituted, nono- or di-substituted aryl groups, phenyl
and napht hyl, phenoxy, nono- or di- 35 ((Jerr]-([err])al kyl substituted
phenoxy, wwoess32087di-(C[err]-Cerr])al koxy subst i t ut ed PERAISIRAYF43AM no,
nmono(C[err]-Clerr])al kyl am no,

di(Jerr]-Cerr])al kyl am no, phenylamno nmono- or di-(Cerr]-Cerr])alkyl
substituted phenylam no or nono- or di-(&g é&rr]-Cerr])al koxy

substituted phenylam no, each of said aforedescribed phenyl, ~ napht hyl
and benzyl gr@ilpc:@-ubé)tautk;ermanbei pheGydaming] gnenoaldyy|dior(Ci ~Cg)erkylC[err]
al koxy. substituted éqa?‘g % ol fbhd- 2o ﬁe(dd][ @Gr)cgl%gg sel ect ed
fromthe group consi ydr ogen, hydroxy

- | k
Jerr]-d err]SubSth&#thIHQﬁnyl@mlé‘-Po eprhoP said 13ke Al CLGHLP%PY
wherei n each paph&her rd eqz@r]_r roher Bhbﬁtkﬂnhen’@éﬁﬂféﬁlr(ﬂ F"Cls' elewn] pel kyl ,

rmno(C[err% err])alk substituted phenyl (C[err]- C[err])al kyl,
nmono(C[ err?- 7Y f) X/'substltuted phenyl (Cerr]-Cerr])al kyI
Cerr]-Cerr] alkoxy(d @rrre]feEhbn.y} ) Bi kgthd K3 e -eGodr s]alectedhfuomatuxeyl
- h
Rer] 15 nyaregdh Etes e ol riOBen, BREChY, G-cq, arlIs" o8>

-COOR[ err], aqmcb%hkﬂ-ercmloms @@Pé‘@eﬁnért’@ eFFQURY é’rOrﬁS'aP"k’FFelﬁr eg5Bh
Rlerr] 15 is ﬁgglgr@ 23 & -1y, pHesRai(e, ea%haiﬂqrﬁ, hysHOERR*-C3 %andyh Clerr]
a

| kyl - yl t b tit

aryl orougt,  prBRGIaTRe ﬁ%%qnsﬁwe LSRRy v (G i IR Sl eucea
(Clt:)e[r][ tC[ gr rﬁhehkykc%lalkmed qgh@gony.korl:pmz m)ﬂkx]q)déhr-pgq_erz(r)] ) al koxy-
substitute 0 0 NYl3{ R nono-

or di- (C[erriO @%%%T}’gﬁly c%ec{?s ut e(?]ﬂ( 1y 2?11%%0 &&?rmno- ?x

di - (Jerr] - J wheryankesgh sRepshs thndé&g&F?eWI ¢, aia)ﬁdl@mwe@fchsaﬁ d¢s —CNyry|
substituents Bei ngogi:;-)[ rAnd&idH & ki\g hgarebeﬁrir@f-rcrj afﬂmgquor Math Rg

f bl d h_h d d
oy R s e e
al kyl. 25 alkyl, C1-C4mijemhi ehemydl agphthwl, | the nR[rBhS]u trtedr |
may each be aryfl grbds] SHdnyd lafla n%%%lzlqgﬁéﬂxoﬁk%%oﬁmrord‘i-or

fluoro, and ma the integérs 0, 2. Preferabl R3
and R4.are eaéﬁl‘c3)@W%]S‘Qsé%’r'ﬂ“t&q(ﬁhe“ef‘&r rRORPErY GGy CRRLERFYor
fluoro,: and msaBgdtitat&d pherfdt)) nidid (i (%t—ege!aink@.a\uﬂo irssnyraatisvoqbl v,

E[ngr :n] aﬁg R[ag‘rgréacﬁrt%%‘(é}l- 3)(%]@rers e%ELT%LKyﬁhgﬁyﬂﬂr{J YrPhddnc?! K1Y

d1~(c1-c3)alkoxy substituted phenylamino, and each of said
‘aryl substituents being C3-C3 alkyl oricl—C3 alkoxy. Most
preferably, kl and Ry are each.hydrogen, hydroxy, C1-C4 alkyl

_ or the group, -ORg, wherein each Rs is C1-C3 alkyl.

25 : In graphic formulae I and I’, R3z and R4 may each be
C1~Cg alkyl, C3-Cg alkoxy, chloro or fluoro, and m and n are
each the integers 0, 1 or 2. Preferably, R3 and R4 are each
Cl—C4 alkyl, C1-C4 alkoxy, chloro or fluoro, and m and n are
each the integers 0 or 1. Most preferably, R3 and Rgq are

30 each C1-C3 alkyl or Cp-C3 alkoxy, and m and n are each the
integers 0 or 1. '

B and B' in graphic formulae I and I’ may each be
selected from the group consisting of: (i) the unsubstituted,
mono-, di- and tri-substituted aryl groups, phenyl and

35 naphthyl; (ii) the unsubstituted, mono- and di-substituted
aromatic heterocyclic groups pyridyl, furanyl, benzofuran-2-

THIS SHEET HAS BEEN |  This Sheet Has Been ‘“‘m
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B and B in graphic fornulae | and I' may each be selected fromthe

group consisting of: (i) the unsubstituted, nono-, di- and
tri-substjtuted aryl groups, phenyl and 35 naphthyl; (ii)

unsubst i t WEPPHHno- and di - substi t ut ed aromati c het er(‘)’%?@ﬁ’%"%"?%ups
pyridyl, furanyl, benzofuran-2- WO 98/ 32037

PCT/ US97/ 15433 : o -6 - - 6- yl,

benzof uran-3-yl, thienyl, benzothien-2-yl, benzothien-3- - yl, .

di ble“ZOLUF @“WJ{,_ diéﬁﬁ{%%tﬂ%elﬁ%l, Cg—ﬁ{?éltﬁfi)/lbé{%tfﬂiw-en&h.,(benzeﬁﬁb_eﬂ-fﬁ-sai d
aryl and aronmgt-i c, heteraocycli¢ sybstituents i arts.(L) .a | ei ng
sel ect ed frorﬁflt'héi%\?ﬁ’fé%ﬁgiy tif bbe%z%%hwlgxﬁarngPayl eha®Bubkidyt, |
mono( C er r] - Gaaehr |ofaldedxy aryll, add(&Fematic(leetdpadycdigaspbstituents in .
mono(C[ err] - ) alkyl ar vl .« di r ] Yl r §E¥ting
chl oroaryl, %aﬁ%{rgoa@ I )é‘“g e‘%‘?’]‘%gﬁ] é%%/%%% kﬁylﬁgr{r(yl , .étg}lrp] ?gﬂnggrilng
cycl val kyl 5 Gfrhydrget: arye] BapRYFDORGe) TKRyaryl, di(Cy-Cg)alkoxyaryl,
CYC: oa: EY: Oxﬂﬂ@(dj;ﬁ%{l )!.a%ré'll, : dﬁgfjcs)lalkylaryl, broinoai}:yll, :
cycl oal kyl oxy(,(J err]-(]er al koxy, —ary er.r,]. - Ar]xalkyl,. |
aryl (Jerr]- C,é[rg‘ﬁc) xfrl 8?:??5}%,’ &3 él'étr‘§/3?(5)x<:§/'-"( yé.% e 2e:f*"r#{:%al'ky'l ,
aryl oxy(d er réydfeaiylal kyeg; cycleehbylexyl C3-C7 , -
di (Cerr]-deLs : r rr Y, B2y (@89dc s yalkoxy,
di (qerr]-qeér¥%§€%%<l%’&y(l L paf g'erﬁ‘)?%fk%/’f‘fhalw%ong} Inge)atke=y
di (q err] 19 ea¥¥} axReddfikvdy e ArYLEParee) 2%y, Y I8Ye- and -
di (Clerr]-( es#yicH Y )lalbdydl, r hrleky ¢ ptEerankoxy, am no, o
nmono(C[err] - %%r] )sgcldly .é" nqi,gd'k rﬁ%r ri- _eérﬂ%gl yl am no, ,
di aryl am no, TERY e?’?#-‘{i[a@rlr'%ﬁéF &%Fﬁ% $SG17%e V| pi perazi no,
aziridi no, i rdohé-nmndidietdchicsd alieniyprpd(¢oi®e),aephol i no, '
t hi onor phol i £t ekt icn9kbh RO1 kot {A{WYEL pABaGM, N0l i no,- 20 pyrryl,
Jerr]-Cd err?gz?iyl%%%%lug[ggrrggbrao?mglg%l éf&c; rr]-Cerr] chloroal kyl,
d err] - &7 r | ™Prorapd 1G4 (Cackeds LEPR¥RGY %hﬁ?@l-%’éﬂ’koxy( Cl- C4) |
al kyl, acryl oayindsptrass (d16:0%) ahkgeminhl odb(GpeCd)laldydamino, (iii) the
groups repres§f£f§agﬂﬁﬁgvaﬁu¥éfﬂﬂawglﬂ§iﬁbbgrazingf”ﬁngfyibipLQEQRno,
aziridino, indolino, piperidino, arylpiperidino, morpholino,
thiomorpholino, tetrahydroquinolino, tetrahydroisoquinolino,
20 pyrryl, C1-Cg alkyl, C1-Cg bromoalkyl, C3-Cg chlorcalXkyl,
C1-Cg fluoroalkyl, C1-Cg alkoxy, mono(Cj-Cg)alkoxy(C3—Cyq)
alkyl, acryloxy, methacryloxy, bromo, chloro and fluoro;
(iii) the groups represented by_the following graphic

formulae:

gk Rk
. : D Rio : D Rio

Relp Re)

25
IIa IIB

wherein E may be carbon or oxygen and D may be oxygen or
substituted nitrogen, provided that when D is substituted
30 nitrogen, E is carbon, said nitrogen substituents being
selected from the group consisting of hydrogen, C1-Cg alkyl
and Cp-Cg acyl; each Rg is C1-Cg alkyl, C;-Cg alkoxy,
hydroxy, bromo, chloro or fluoro; Rg and Rjg are each



wherein E may be carbon-or oxygen and D may be oxygen or substituted
ni trogen, provided that when D is substituted 30 nitrogen, E is carbon,

sai d nitroyenss203stituents being sel ected fromthe groupPCIUSYH1S438) Of
hydrogen, - CJerr]-Cerr] al kyl and Cerr]-Clerr] acyl; each Rerr] is
Clerr]-Cerr] alkyl, Cerr]-Cferr] alkoxy, hydr oxy, brono, chloro or
fluoro; R err] and R err] are each -Wp 88/ 32037 '

PCT/ US97/ 15433 -7- hydr ogen or

Clerr]-(lerr] hyduyigenamd pyGet A2kyht egnd ,id e Antdger 0, 1Cker oy Gl

| kyl I I
?I ugroal k§|”] giler ]a rme KE&xy&ﬁé%ir'ljagqe;% Ctg? Eylﬂ%éaélk'yﬁ[ rr]_ el
cycl oal kyl , rFa.CFerF kaxx 6&y1¢l atkyig é-?s"]c)a:mcd&IaIlWL
mono(C err] - C[xwrfd )e@ﬁ:ek?](cg[-cgy&;)éysé DKy,

bromo(( err err 0 C6)c cl oal kyI and '
f1 uor o C3- %Pcﬂ% 1k¥:1 )aiﬁﬂfx((s?'cfifci"ﬁ#%ﬁ &6 Y CERBLKERI owi ng
graphi c forrnnthoro(C3—C5)cycloalky1 and fluoro(c3-cs)cycloah&&nl and (¥§

wherein X in 0 \/ LT err al kyl
and Z in grapﬁ-'lrrgeD r%mg)I g@g}%sgb?e e%t%; rom4 ﬁega bk %’ﬁﬁ‘ Afut ed,
nono-, and di-substituted nenbers of the groupyg consi sting of naphthyl
phenyl , furanyl and thienyl, each of \a.l.g:;group substituents in this
part (v) being Cerr]-Cerr] alkyl, 15 errN,C err] al koxy, brono, fluoro

or chloro; or (vi) B and B t aken get he? form f1 uoren- 9-yli dene,
nono- or di- -substituted fluoren-9-ylile@e or forma nenber selected
from the group consisting of saturated Clerr]-(err] spiro rnonocycl i c

L] ocar pom ¢ WReif: & AnCYChORLOPYOHARNS Ty HLAPUY biydE0Genly c1rog

cyclopentylldene cyclo ene c 0 ept
cycl ononyl i deffék Y&yéP@d@cypl geaghic WQYdMeS&AGCted from the

CyCIOdOdecyI|dmﬂﬁbstatutaaﬁdm6£6¥f]aﬁa(ﬁiqsubstltuted members of the group
consisting of naphthyl, phenyl, furanyl and thienyl, each of
said group substituents in this part (v) being C;-C4 alkyl,

15 C1-C4 alkoxry, bromo, fluoro or chloro; or (vi)- B and B'
taken'together form fludren-s-ylidene, mono— or di-
substituted fluoren-9-ylidene or form a member selected from
the group consisting of saturéted C3-C12 spiro-monocyclic
hydrocarbon rings, e.q., cyclopropylidene, cyclobutylidene,

20 cyclopentylidene, cyclohexylidene, cycloheptylidene,
cyclooctylidene, cyclononylidene, cyclodecylidene '
cycloundecylidene and .cyclododecylidene; saturated C7-Cq2
spiro-bicyclic hydrocarbon rings, e.g.,
bicyclo[2.2.1]heptylidene, i.e., norbornylidene, 1,7,7-

25 trimethyl bi;yclo[2.2.1]heptylidene, i.e., bornylidene,
bicyclo[3.2.1]octylidene, bicyclo[3.3.1)nonan-9-ylidene and

'bicyclo[4,3.2]undecane and saturated C7-C12 spiro-tricyclic
hydrocarbon rings, e.g., tricyclo[2.2.1.02'6]heptylidene and
tricyclo[3.3.1.1377

30 tricyclo[5.3.1,1276

ylidene substituents being selected from.the group consisting

Jdecylidene, i.e., adamantylidene, and
lJdodecylidene, each of said fluoren-9-

of C1-C4 alkyl, C3-C4 alkoxy, bromo, fluoro and chloro.
More preferably, B and B' are each selected from
the group consisting.of: (i) phenyl, mono-substituted phenyl



spiro-bicyclic hydrocarbon rings, e.g., bi cycl o[ 2. 2. 1] hept yl i dene,
i.e., norbornylidene, 1,7,7- 25 tri rrethyl bi cycl o[ 2. 2. 1] heptyl i dene, i.e.,
bornyl i de ﬂ' bi cycl o [3 2. 1] octylidene, bicyclo[3.3.1]ngnan-9- ’Xl i dene
and "2? 3. 2]undecane and saturated Cerr]-Cerr] ' cI i C
hydrocarbon rings e.g., tricyclo[2.2.1.0[err]] heptylidene and
tricyclo[3.3.1.1 [err]decylidene, i:e., ad%mantyl I dene, and 30
tricyclo[5.3.1.1[err] dodecyl i dene, each of "said fluoren-9- .ylidene
substituents SRhRG 0 g gToN f s r]-Clerr]
al kyl, C[err]éjﬁd err] al koi:%:fe'Ei ghe}&?l' %?%E.ﬁ%f%% ieuced 54 the m%fb
preferably, BRNPBPaR Pé’ééﬁ-‘-QBFect(éél)f EBf “nsu‘tf’rfé‘-fg%f(ﬁﬂs Eone-sandgdbf

(i) phenyl, rﬁuhkﬁmﬂﬁﬁddl#r%ﬁahhenhbterocyclﬂﬁ)éﬁ%ﬁﬁgxﬁﬁranyl, benzofuran-

PCT/ US97/ 154 upstityted p referably substituted |
in the neta :?Yl'ar}: 57 ar 5385? F'F‘SHSE ygf)df%%n{ﬁfi "zt—t¥11e grmno and
di - s-ﬁbsd;hanmm:anﬂt-wd, hetehoofcbaidgplvemsl fandarwdomalté.nzof uran- .- -
2-yl, thi enylhe%&%@};%b&'tatthegzg gi‘? gncyl (ﬁ}d be§.rwe selecteflI from

di benzot hi en sai é aromati c terocyc
substi t uent s Fhe (9’-)°%d:°(“is|1)st5§9n§fs V@E?éurf?l“é\fﬂrr arylaxy group consi st i ng’

of hydr oxy, an;ﬁl(ca_r-sd:;quyl, amﬁhML(ﬁ{)ﬁbl(c]:I-Cé 41 ep?dﬁino am no,

| kyl o
rTI\I-D?(():Eg[rre]rr](:[er rﬁ]!a_)%g)l Di erag%lhﬁb N-rﬁgél %gailifg.e A %ogm n?bﬂSru no,
pyrryl, Cl&r rI]lE@{Iérd’J]nOal Imphrph@penp} EEIEFY}: 01-03)raimyd4,ky41,-cg[ err]-Clerr]
chl or oal kyl , Kdarigh th-bguema&:lsxhk .f.e.}!'tfdroalkylal QXg,

Ik d
hl oo (117 %%Js?ga 59 FasFasbhtes [s%umy@x%{n?m”.ﬁéﬁo%@ ang| A and
I'1 B, wherei n dhlaxrazar{ddd JantleDgroupsygepresrted by tHHeeigrpphiier Eprmibaal kyI

ds;
g[eﬂjerrcl[eﬂ ]eﬂpl amm@éi Eshsggknaﬁ 18 SQL%e,gregn 8&'1;%%(,,%3; c?‘é iz ggocy
al kyl; an® (\Alkyl ox We.‘@eoéﬂ»kpéw eBonaad Ryo tare gaghhihydrogsnl ar 4:1}04

wherein X is alkyl; h)édfd)@easomges.hfégaﬂdozot Swheﬂw d}r-dpaqkwl?%h&uwﬂ
phenyl, said tq\hen subst i tuen]i:e:?eif;j eI ect m t he %rou 20 conS| Stl ng
of Jerr]-C erty LR TBFSPEP Fk%&'?/p ﬁﬁ’ﬁl}ﬁ ?'VﬁfeB“ S and
B' taken togétycmoqe@r oxf methyh- 8nd| Zdeaephqmyab or monos-tslmbtsrtuuuedd :

fluoren-9-yl igang0r s%ﬂ?i%’ﬂ%yi%ﬁﬁ&éﬁt&éﬂm rBéBﬁmg seleQ:rt%‘apf‘;‘:%S'tﬁIe' \gé
saturated Cerr]-Cerr |ro nonocycli ¢ drocarbon rings ed
Jerr]- Ci%ﬂr]c ﬁgéqagb? fa—Cs3 alkyl, Cq1-C3 alkoxy and fluoro; or (v1) B

and B' taken together form fluoren—9—y11dene, mono-
substituted fluoren-9-ylidene or a member selected from the
group consisting of saturated cgf08 spiro-monocyclic -
hydrocarbon rings, saturated Cy-Cyg spiro-bicyclic
25 hydrocarbon rings and saturated C;-Cjgo spiro-tricyclic
hyﬁrocarbon ringsh said fluoren-9-ylidene ‘substituent being
selected from the group consisting of C;-C3 alkyl, C1-C3
alkoxry, bromo, fluoro and chloro.
Most preferably, B and B' are each selected from
"30 the group consisting of fi) phenyl, mono- and di-substituted
' phenyl; (ii) the unsubstituted, mono- and di-substituted °
aromatic heterocyclic groups furanyl, benzofuran-2-yl,
thienyl and benzothien-2-yl, each of said phenyl and aromatic
heterocyclic substituents in (i) and "(ii) being selected from
35 the group consisting of hydroxy, C3-C3 alkyl, C;-C3 alkoxry,
éryl, indolino, fluoro and chloro; (iii) the group



25 hydrocarbon rings and saturated CJerr]-Clerr] spiro-tricyclic

hydrocarbon rings, said fluoren-9-ylidene substituent being sel ected
fromthe WWB20Phsi sting of CJerr]-Clerr] alkyl, Cerr]-d eciusorsaskoxy,
bronmo, fluoro and chloro.- Most preferably, B and B are
each selected from 30 the group consisting of (i) phenyl, nono- and
di-substituted phenyl; (ii) the unsubstdtuted, nmono- and di-substituted
aromatic heterocyclic groups furanyl, benzofuran-2- yl, t hi enyl and

benzot hi en- 2-y¢presemted t&alqrqﬂmlfoe:mlar AR i Uherelhezexmcgmfbm and D

bsti t uent d s t 3 f
ﬁ;dfo;yue& er dakygén) F(ELI;) err] eﬁl EF-QE; §1k8§y9r§§pa&&3§' Sta'fgg 0

fluoro and chR3F: hb(‘?ﬁl‘?%e't iF GG 2@ 98/ @»20‘3}7"a intéger 0 or 1
PCT/ US97/ 15433 (iv) B and B' taken together form fluSren-9-yIfgumsent ed by

hic f , [
G err]Sq o v Sty R o ey Aoy 1 8p8 Wert R[afre” % each
hydr ogen or C‘,?%‘?quﬂ%-r-?r]llmwn- idene.the integer 0 or 1; r (iv) B

and B' taken together feghmbbluHasePedr¥biAEds b ,
bornyl i dene, norborgtﬁl%glﬁe%ﬁg Qr_ e%fcyc 0[3 3y51nonan 9 ﬁﬂf#r@% IandI

Conpounds r e 1 _ uents, Ral 28d| Rangap: descrihgd heneigbefore,
substi tuent s gy avl ﬁqapaa&cde@cmuwtohawmbeaegembed m@a/ctmn{y epar ed by

the foll oy d A t hrou ented by
gr aphic form%ﬁe@{:%ﬂqg %eo u%Q’Ssh W%,%ese gagtll’%ngr %’ ot I'Ay)
are prepared As ShOVFhJéHaeEGrta-fOF@ #elanddglshgmechlmb}cllm Aprepiaxgdaby
appr opr i at el yrsisd ¥ tottA0: O i HhSdRS hbwhe $nPREZOY o M Qtd A&, an ©Of graphic

formula IV with a com‘rermally gvail abl e 15 substituted or unsubstltuted

het er ocycl i ¢ TERRIP LYy Sfstdtuted grofpgupstituked (hanzid icbdoitdde
Fri edel - Cr af tst a;nhﬂkelcatﬂad:mula Ryaetiithna, ctunegeidlld &Falldﬁlfér sci ence

Publ i sher g5 I omatic Ketone esi s
" Regi osel ect i veAsFtrl eoFeﬁ\ép 7 ?‘ths{i%%%ﬁgglf:m#%%%c e Z‘bolﬁpe?% d{]&fﬁr‘? 6F| ne
and Rel ated Ne¥8Hen Iﬂét-er(?@fcrtég peblication Bniegerexad ol
Ri ng Sl3 281 Pméaﬂmiafsa, G¥édigeetn. olafl, Iﬁteﬁgéﬂé?é:@CPuAbﬁtG‘srhﬂef% Tfl%% 2 1,
pages ion A e conmpounds’
repr esent ed 3& Eg‘r §|dh|E§‘apterf S é@‘rPT“F‘t%ﬁhé%??\ e EYRERSSiFdr, 354 r ogen or
sul fur) and |WReglosel¢ct1ve Friedel-Crafts Acylation of 1,2,3,4-

. 20 Tetrahydroquinoline and Belated Nitrogen Heterocycles: Effect

on NH Protective Groups and Ring Size" by Ishihara, Yugi et
al, J. Chem. Soc., Perkin Trans. 1, pages 3401 to 3406, 1992.
In Reaction A, the compounds represented by graphic

formulae III (wherein X is oxygen, nitrogen or sulfur) and IV

25 are dissolved in a solvent, such as carbon disulfide or
methylene chloride, and reacted in the presence of a Lewis
acid, such as aluminum chloride or tin tetrachloride, to form
the corresponding substituted benzophenone represented by
graphic formula V.

-30 .



25 are dissolved in a solvent, such as carbon disul fide or met hyl ene

chloride, and reacted in the presence of a Lew s acid, such as aluninum
chl ori de trachloride, to form t he correspondlng
benzophengﬁégygbggsented by graphlc formula V. 30 Péﬁkﬁ / 2037
PCT/ US97/ 15433 -10-

REACTI ON A [err] .0 Ln ﬁagctlon B, the substituted or
unsubstituted - ketone represented by graphic formula VA is reacted with
5 sodium acetylide in a suitabl e sol ventgepaédielt &S anhydr ous
tetrahydrofuran (THF), to formthe correspondi ng propargyl al cohol
represented by-graphic fornula VI. Propargyl al cohol s havino B or B
groups other than substituted and$°cl unsubst i t ut ed phenyl he prepared
from comerci al v able kekgnes Qe ket one ' i on of
an acyl hal FTimfa St 1

QL_4d§ubst| X
napht hal ene or Q Q nd. CiREdpar g

B' group represent ed ' “ "Ia [1C may Q9 Y

nmet hods descri bed |QIfJS 7274,132, colum 2, Ilnes 40 ton%g
REACTI ON B

In Reaction B, the substituted or unsubstituted

ketone represented by graphic formula VA is reacted with

5 sodium acetylide in a suitable solvent, such as anhydrous
tetrahydrofuran (THF), to form the corresponding propargyl
alcohol represented by graphic formula VI. Propargyl
alcohols having B or B' groups other than substituted and
unsubstituted phenyl may be prepared from commercially

10 available ketones or ketones prepared via'reaction of an acyl
halide with a substituted or unsubstituted benzene,
napﬁthalene or heterocaromatic compound. Propargyl alcohols
having a B or B’ group represented by graphic formula IIC may
be prepared by the methods described in U.S. Patent

15 5,274,132, column 2, lines 40 to 68. '

REACTION B

- o)
| HO C=CH
+ HC=CNa THF \c/
/\ . —_— 7 N\
E B B” 'B'
VA - ’ VI
20 In Reaction C, the substituted or unsubstituted

ketone represented by graphic formula V is reacted with an
ester of succinic acid such as dimethyl succinate represented
by gréphic formula VII. 2Addition of the reactants to a
solvent, e.g., toluene, containing potassjium t-butoxide or

25 sodium hydride as the base yields the Stobbe condensation



[err] 20 In Reaction C, the substituted or unsubstituted |

ketone represented by graphic formula-Vis reacted with an ester of
succi ni ¢ WQA88BW3H as di met hyl succinate represented by RCHWSE/15438ul a
VII. Addition of the reactants to a solvent, e.g., toluene, containing
pot assi um t - but oxi de or 25 sodi um hydride as the base yi el ds the St obbe
condensat i on WO 98/ 32037 - - 11 -

PCT/ US97/ 15433 hal f ester

represented bpadifagsters serEpacwFed by Eraphic f°rm§§PeVIH/+ | IThehpdifgoes
ﬁyf' odfehyd;I at |é3tte|rn (tv&thpr 'laﬁaeﬁgoeé cyclcﬂi&i%d&g%ﬂbﬁdihdﬁhé Oﬁgf@é’éf}déW%leA 4
eterorused acetogxyna al, ent e C or a an
b Comounddepit BRRYARAREER cFerh s Hekstoyorrt. AaFF SRttt A Lencs
hydrol yzed i n represenigdebysgaapbic| fermulad iI¥A ehdhI¥e, sCatpasdsodixam
hydroxide, 5 4 do'ﬁcﬁ‘t"ﬁgfgységséé%é‘t%wéé}s%‘l‘iﬁ%%t%ﬂr Oﬁi?éPéifzé&' qk%'ﬂ““) to

formthe carboxyna S_represente fgrap i c-fornul
respectivel y. aqueous gpdcghpipgayolution o

PCT/ US97/ 1543Fo110owed by treatment w1thiﬁﬁueous hydrochloric acid (H') to
form the carboxynaphthols represented by graphic formula XA

base, such as sodlum hydrox1de,

or XB, respectively.



REACTI ON C

WO 98/32037 ' PCT/US97/15433

- 12 -

REACTION C

(OO -
- {Ralm (Redn.
v _ VII

XA 1 . NaOH IXB
I ‘Hp0/alcochol

2. gt




[err] WO 98/ 32037

PCT/ US97/ 15433 - 13 - In-
Reacti on DWVQ288203% boxynapht hol s represent ed by gr aphi ¢ f BERHSAF1I34B3 and
XB are cyclized by heating, e.g., -from about 160 to about 220[err]C, in
t he presence of an acid, such as phosphoric acid, to forma

hydr oxy-substituted benz- 5 fused fl uorenck® Tepresented by graphic
formul ae XIA and Xl B. See the article by F.G Baddar et al, in the J.
Chem Soc., page 986In1Be8ctien Dy dimhicarioRyERPhEheyAt ﬁeeresﬁ@t?%éoy

conmpound repr egeapieik Boramarkl Kaf ahauke 28 ¢yclisdd idiethddting, €.§-
Koel sch in the Journal of Organic Chem stry, vol une 26, 10 page 25 0 1961.

Coupl ing of th@rmm:tdéﬁoefspegbnuédZ%Q q:;ra;shtéle presgpanl af am/ARekd X B
Wi th propar gyl g gk ool %%‘i'&t QQJ.BY to f&ﬁ@@'ﬁtyé J?;Js%b\éltlltﬁttehebenz-

. presence of a catalytlc an acid decyl benzene
sul foni ¢ act d Fpissh)E ‘%‘E’se\ﬂ% ESPFﬁsFﬁEe? n‘ﬂ%rﬂf"’l‘R}?éﬂ ¥iinand XIB.

represent ed bys¢s agid GarticlieObjlUFas.| Baddsdr & al, in thW)JQSb&%&S?Soc.,
PCT/ US97/ 15433page 986, 1958. An alternate method of synthesizing the

compound represented by graphic formula XIB is described by

C.F. Koelsch in the Journal of Organic Chemistry, volume 26,

10 page 2590, 1961.

Coupling of the compounds represented by éraphic
formulae XIA and XIB with propargyl alcohol represented by
. graphic formula VI in the presence of a catalytic amount of
an acid, e.qg., dodecylbenzene sulfonic acid (DBSA), results
15 in the indeno-fused naphthopyran represented by graphlc
formulae IA and IB.



-14- REACTI ON D
WO 98/32037 h . PCT/US97/15433

- 14 -

REACTION D

ox

acid

DBSA

oxr




[err] WD 98/32037 | -
PCT/ US97/ 15433 - 15 - In

React i on Bwyotdssaexducti on of the corrpounds represent ed by pgrarsdes433
formulae XIA and XIB via the Wl ff- Ki shner reduction results in

conmpounds represented by graphic =~ formula XI1A and XI|IB. Coupling of
t hese conpounds wth 5 propargyl al cohol +a@ esented by graphic fornula VI

results in the indeno- fused napht hopyrans represented by graphic
formulae I C and ID. The ¥ égg€¥yg £f éth dieggggs £heye i ndeno
group in graphic fornulae I'C and | D by al r grou%s .gf?m é%r and

Rlerr] .is acc6ﬁPFP§ﬁé§eﬁybYea€§th°0¥°¥WR; Q)xgghﬁﬁﬁhd§EMWFﬁ thepaWRIEL

al um numto pm@uﬁert hedaeaneﬂnﬂesulwpixem;ﬁﬂums g:re@el&eenteanyyaeré&f@d

| F. ounds g r t e, Co S resented X

graphi ¢ f or nufg*e ngIFﬁ 2h mﬁ%%ﬁ Q%fgﬁFﬂ 8m§PH8Q§ with,stead

of alkyl o5 Rpebphrggi E@ebhblareprekemmédxpyrgraphld(ﬂbmmaléSVI results

spi ro- het erocycl ] 0 [ t t arbon
Y5 tk:ﬁe RRHQnS g %‘Jﬁﬁ ﬁ%%]@t&){}é( sa P gq%‘ilxt%g g?'e%é??

atons incl udi ng Sprrocar rep g St he
conmpounds repﬁesmnﬂed B¢ gndpkPe f?h¢n¢%niaq$mentm°ﬂlshﬂ hwdangahsohbbwnr a

diol, respectighekhe LHaLHE grofbesRNgLafi@ £ikRlIdd TARRUN DOy A5) fyy 20
groups, e.g., Ry and Rz, is accomplished by reaction of the
10 compounds with trialkyl aluminum to pfoduce the compeund
represented by graphic formulae IE and IF. '
Compounds similar to the compounds represented by
graphic formula IE and IF in which R, and Ry are alkoxy
instead of alkyl or R; and Ry are taken together to form a
15 spiro-heterocyclic group containing 2 oxygen atoms and 3 to 6
"carbon atoms including the spirocarbon atom may be prepared
by reacting the compounds represented by graphic formulae IA
or IB with an alcohol or a diol, respectively, in the
presence of a catalytic amount of acid.
20



WD 98/ 32037 :
PCT/ US97/ 15433 ' - 16- REACTI ON E

WO 98/32037 _ : ' PCT/US97/15433

- 16 -
REACTION E

or

Wolff-Kishner
Reduction




[err] "~ WD 98/ 32037 ' PCT/ US97/ 15433

- 17 - Jerr] :
) WO 98/32037 PCT/US97/15433

- 17 -

or
(R3)m @ '

Trialkyl
Aluminum

In Reactions F and G, further methods for preparing
5 compounds represented by graphic formulae I and I’ having a
variety of R} and Rz substituents are described. Starting
with either of the compounds represented by graphic formula
IA in Reaction F or IB in Reaction G, reduction with lithium
aluminum hydride (LAH) results in the compound represented by
10 graphic formula IG or IL, respectively. Other methods for
- feducing the carbonyl group ére described in the text The
Chemistry of the Carbonyl Group, Chapter 11, Saul Patai,
Editor, 1966, Interscience Publishers.

The reaction of the compounds represented by

15 graphic formulae IG or IL with an acyl chloride having the



In Reactions F and G further nethods for preparing 5 conpounds

represented by graphic formulae | and |I' having a variety of R err] and
Rlerr] su iﬁHﬁB s are described. Starting with either ounds
r epr esent B’gblgy ngphi c fornmul a A in Reaction F or IB i nq’fﬁéﬁ%’@%‘%

reduction with lithium al um num hydride (LAH) results in the conpound
represented by 10 graphic formula |G or I_L,,respectively. O her nethods for
reduci ng the carbonyl group are described in the text The Chem stry of
t he Carbonyl G oup, Chapter 11, Saul Patai, . Editor, 1966, Interscience
Publ i shers. Potential subgbituertRh xFsulte donpeupeandeprerrenentesy bis

GarSaosy O APk BeoRokkuth 1o aor . SitieteoReies 108 dpppoidiing
- 18 - pSEEFEFERtsBpAnd fenSuRSTLERERTE 9N thsmSoIRIUNAS FERERERRES

graphi ¢ fornuby b¥raphitNformalderIpaith\ED ifsoby meacpbngteéiither oftlitfHecr.ent
Rl err] and sR & SHAast L N S QBHP r t : gr aphi c
formul ae 1 A or | °i S %y ?egc'_ti nlgiberlut}ﬁder 0 q"téf‘}g'&%gg%ﬁ%%ﬁn}g%’wq F% Gignard
or |ithium re®e¢RPtAad Agbshttuent fyithmradusehshet cempownds arRuAfantede -
conpounds repugsgithfHic fobiubd aHidx f1M.MisabkEqREnt MeaPsI W itHLaCt | ON
of the conpounds refg..resented gﬂ%hl G f%rrmlf IHor IMw th an
al cohol havi ng‘%f“ﬁguBSFe EPEPS Y | 16 formRia ek M 1Y 3 aci d
such as hydroeflcohbl haiiing ethe tfotenttizl cobptindent RY e edantpkdahce
graphic fofpmulsg LK Qbi1kPsuch as hydrochloric acid results in the cofipound
represented by graphic formula IK or IP. - :



WD 98/ 32037
PCT/ US97/ 15433

WO 98/ 320W0 98/32037

20
PCT/ US97/ 15433

- 19 - "REACTION F [err] [err]
. PCIAIR97TS438 15433
REACTI ON G [err] WD 98/ 32037
: : - 21 -
- 19 -
REACTION F

' 1. Grlgnard(RMgX)
--LAH . 2. Ht -
. : Ia i




Compounds represented by graphic fornmula I, 1", 1A - IB, IC, 1D, IE, IF,
IG IH 1J, IK IL, IM INand IP may be - used in those applications in
whi ch or g3 o L ochrom c subst ances may be enpl oyed, such as optical
| enses, e.qg., vision correcting ophthal nmic |enses and plEmUSHASES
face shi el ds, goggles, visors, canera | enses, w ndows, autonotive

W ndshields, aircraft  and autonotive trans encies, e.g., T- r oof s,
sidelights and backlights, plastic filns and sheets, textiles and
coatings, e.g., coating conpositions suckgager¥dn g8ai nts, and verification
mar ks on security docunments, e.g., docunents such as banknotes,
passports and drivers' |icenses ~for which authentication or
verification of authenticity may  be desired. Heterocyclic fused

i ndenonapht hopyr ans represented by the af geBdascri bed graphic formul ae
exhibit 15 color changes fromcolorless to c(@ rangi ng fromorange to
bl ue/ gray. Exanpl es of cont egptsted i ndenonapht hopyr an

ude the foll owi ng: 20

benzofuro[2',3' :7,8]indeno[2', 3" : 3, 4Rg3pH , 2-b] pyran; (b)

=0 b] pyr an; and 25
(c) 3,3 -di(4-methoxyphenyl)-16-hydroxy-16 gyl - 16H .
. f 2. b] -era.n_GrJ.gnard(-Rng)
deftoApht hopyr ans of

It is contenplated that the orggni
ion with other

t he present invention nmay be use QD& TN cojbin

. { . . . . X

i ndenonapht hopyrans of the 30 ) orBi n xonbi nati on with
one or nore other appropri ni ¢ pgot ochrom c

mat eri al s, i.e., organic g

activated absorption naxi na
700 nanoneters, or substanges
e.g., dissolved or dispers
to prepare photochrom c .
PCT/ US97/ 15433 (R

schrom ¢ conpounds havi ng_at_| east one
t he range of between ' 400 and
ai ni ng same, and 35 may/lR cor por at ed,

yn a pol yneric organiX” hdgt” material used




articles and which col or when activated to an appropriate hue.

Qther than in the operating exanples, or where ot herw se indicated, al
nunbers eXpO®8B203g wavel engths, 5 quantities of ingredi entspPor/USSHLS43ON
condi tions used herein - are to be understood as nodified in all

I nstances by the term "about". . Exanpl es of conpl enentary
organi ¢ photochrom c conpounds i ncl ude @ther napht hopyrans,

benzopyrans, 10 phenant hropyrans, spiro(benzindoline)naphthopyrans,
spi ro(i ndol i ne) benzopyr afeompopinds( represanradpby hapjphie formula I, I‘, IA,

spi ro(i ndol i neygui f@PYFBNSEE SPHF,0 (1) dAH, NGRYR&)S 11, IM, IN and IP may be
spi ro(i ndol i ne) napht hoxazi nes, spqu(lndqllnelp rido- benzoxazi nes,

spi r o( benzi ndoPF#@) i yEherd ARRNLAHARS i which organic photochromic

spi ro( benzi ndosubetaedes hagn 206 ainpIdyedy( istddl aBEpptical besrsxazidgp,, and
m Xt ures of _such fhot ochromg¢ ¢ t he

0 nds.. Each of
phot ochr on & sTHEFan et FRatE PR e, 1enses pad RLARS LaRAn a5 i n
a ratio) such shields, goggkemniClidwst, wmarmerealenserhi windées phmottomrtiviec
g:orrpolunds or 20; MMk fa9f LOMURIS IS RRRIoedvar thn%éf&éf@%, aer%._.' T~
i ncorporated exhibits a desired resultant col or, e.g;, a, substantially
neutral col or HPeksactidetightd and haakldobys, plaghicghilms and sheefsar a

nﬁut ralh col or asxeméczié bdied ghaeant ids, e2.g.(;0|cgé$:iﬁf_; blbﬁpaﬁii::v&ﬁ.‘lﬁcbuch as

phot ochrom,¢ conpounds, utral. gray 25 nd neutral .bro colors are

et arreq 10 BEER Sand YLy ior Fon R oA B Y it i ity s
relatively equd¢cum§mn§n$mnhiastﬁ&nknqﬁqa.epﬁaﬁgerbstaaéndn;wbrSf‘kﬂubﬂaaa
nanometers. A BeHta] c10r QW &R iUa 0N R e ifricatREA SH M th i ) dGa

absorption in the 400-550 nanoneter 30 range I.s noderately [arger than ¥n
t he 550- 700. nardndtetred. HETFFroNrLis &MT50) +BIGRPPAPRERRYTHiITig color s
in terms of repiss @it oy diHey fhrediasairdbedwWiiraphilescotmel ddcextidliitd i es

chr omat  ci 8. FoLPhetatesl hn HqiSRI kol 850855 bafiging from opange to

obt ai ned by t aRlwey/a¥ayyatios of the tristimulus values to their sum

e.g., x=X(X+Y+Z) and Exampl@s98/£3¢63femplated indenonaphthopyran

PCT/ US97/ 15433 e s .- 23.- .

compounds within the scope of the invention include the
following: _ |

20 (a) 3,3-di (4-methoxyphenyl)~16-hydroxy-16-ethyl-16H~
benzofuro{2’,3’:7,8]indeno[2’,3’ :3, 4lnaphtho[1,2~b]pyran;
~ (b) 3,3-di(4-methoxyphenyl)-16-hydroxy-16H-
benzofuro[Z",3”:6',7']indeno[3',2’:4,3]naphtho[1,2-b]pYran;

_ and e

- 25 h {c) 3,34di(4-methoxyphenyl)-16—hydroxy-16—ethyl-16H-
benzofuro[Z”,3”:6',7']ihdeno[3',2’:4,3]naphtho[1,2—b]pyran.

.It is contemplated that the organic photochromic
indenonaphthopyrans of the present invention may be used
alone, in combination with other indenonaphthopyrans of the

30 present invention, or in combination with one or more other
appropriate compleméntary organic photochromic materials,
i.e., organic photochromic compounds having at least one
activated Egggyﬁfion maxima within the range of between about
400 and 700 nanometers, or substances containing same, and

35 may be incorporated, e.g., dissolved or dispersed,.in a

polymeric organic host material used to prepare photochromic



y=Y/ (X+Y+Z). Color as described in the CIE system can be plotted on a

chromaticity diagram usually a plot of the chromaticity coordi nates x
and y. Se 7-52 of Principles of Color Technology, by F. W

Bi |l | meyer %gﬁggi'?ﬁd 5 Max Sal t zman, Second Edition, John W SHH583ns,
N. Y. (1981). ‘As used herein, a near neutral color is one in which

the chromaticity coordi nate val ues .of "x"_ "y" for the - color are
within the follow ng ranges (D65 illum nant): x = 0.260 to.0.400, y =

0.280 to 0.400 fo]lowi ng activation to 40 10 percent |um nous transm ssion
by exposure to2Ebtetes AphiiiFh colex phgRsaciivated to an appropriate The
anount of photpreér.om c substance or conposition - containing sanme applied

to or incorporated into ost patgrial is not critical provided that a
sufficient anbunt is 15 %ézg’ﬁrt ShBPoﬁﬁcgh%l %Woﬁ?‘ém@iﬁmmai%% bl e

to the naketheyeispomdiciateat,i @11 nGebersl ¢zprstingnwareleagthe,
described ag apphot PC{LOM -q.{gyératj e ' AR RYG d, depends
of ten upon th:qi nt ensi tyrgo€ TSl or ggggr gga%%%%w_&; hrr%é'logtsi 8%§§hté?%%fn and
upon the met ho¥reiskr ke yadansiees @sonogifipd| in tald imstonsesnby the term

subst ances. Typasehty., the nore phot ochrom ¢ substance applied or

I ncorporated, the greater Ls the col o ihtensit¥ uR,toacertain.Iim't.

The relative anounts of Fﬁé‘matt‘ﬁ?eggi 8°%%?W Or9ani G BRIV wi | | -

vary and depencdompoyais itpdmdehethelrahaphtRSpyrdms)sidenespgirahbe col or of

t he activatgd | Lt ol or desired.
46 ﬁﬂ@ﬁﬂﬁ%ﬁfﬁpiﬁ#ﬁ}dtgP&%%BP§§g§ndéigkéﬁ§§§ﬁthog§&gng

Ceneral ly, the  anpount " chrom-<c s ance-rncorporated into
or appl i ed $RLEC pinsddnedbenzopyirant. haptrotinddldineingphihgeyranss om
about 0.05 to §$E&5(ﬂnéblihé}qmi%ﬁﬁ@k%né tEbf%E#Fnd&Iﬁie)%@rﬁhEL'grans per

0 I C

‘square centineter OI. S r]f,ac% t t he . ot ochrom c substance(s) is
i ncor por at ed ofPappiitpline)naphthoxazings, ot ¢PEAB¥FAARES of the

present | nvieen i@ aimehe spipbi (beénzdndolinespoidebetzorhaiaespst
material sygh éﬁi&{w'{i}?{?&liﬁgﬁbﬁtﬂﬁﬁégmg'534“19%’}1\‘@559“%?35 met hods

described in the ar ) nme s~ nc ‘di'ssol ving of spersing the
phot ochr oni ¢ SRERFMFARZELNGX/higd mixturpg) o8/ Ypggphotochromic compounds. .

PCT/ US97/ 15433 Each of the photochromic suBétances described
herein may be used in amounts (or in a ratio) such that an
organic host material to which the photochromic compounds or

20 mixture of compounds is applied or in which they are
incorporated exhibits a desired resultant color, e.g., a
substantially neutral color when activated with unfiltered
sunlight, i.e., as near a neutral color as possible given the
colors of the activated photochromic compounds. Neutral gray

25 épd neutral brown colors are preferred.__.

A neutralhgray color exhibits a spectrum that has )
relatively equal absorption in the visible range between 400
and 700 nanometers. A neutral brown color exhibits a
spectrum in which the absorptioﬂ in the 400-550 nanometer

30 range is moderately larger than in the 550-700 nanometer
range. An alternative way of describing color is in terms of
its chromaticity coordinates, which describe the qualities of
a color in addition to its luminance factor, i.e., its
chromaticity. 1In the CIE system, the chromaticity

35 coordinates are obtained by taking the ratios of the

tristimulus values to their sum, e.g., x=X/(X+Y+Z) and



the host material, e.g., casting it in place by adding the phot ochrom c
substance to the nmononeric host material prior to pol ynerization;

I mbi bi ti oWos#8/32087 phot ochroni ¢ subst ance into the host PeTASHHIS4NE/

i mmersion of the host material in a 5 hot solution of the photochromc
substance or by thermnal transfer; providing the photochrom c substance
as.-a separate | ayer between adj acent-'I28/ers of the host material, e.g.,
as a part of a polyneric film and applying the photochrom c

substance as jpaff( m%)coabbﬁBrphgcégs@f‘lﬁa? isrprtfl'@%l‘ﬂ:f s&g@e&nocgﬂsﬁe

mat eri al . Theterm"lnblbltlon" or "inmbi be" is intended an and
i ncl ude per mXqthedbrn ﬁ'eCBHBF‘BEHFQDFYcd’siﬂ)"sqr%mébsuallyalaoﬁ’éq:n?S the host

mat eri al , SO|dl’ﬁd‘Hmaaﬁ.$dJ.3:tyed:obli:‘aﬁlﬁ5Eésoi and y:.he sﬂwtga@&rsoqvcsausft ance into

a porous pol vapor transfer ch transfer
mechani sns. %&MM cjt‘y' %‘1 BEYGFseyYTt i nfRd
i.e., Sdyesmx Mﬂzmamppseedndoﬁwh'eldm,swdm il 1y raudasbnsyenaxnor e
aesthetic res for I o] fashio

(o1 Of AIPUeER pEEEPAN% Mo HedBANOUIGL s ohESLHOBITC

particul ar dye se ect e vary
result to be %u%\r@@atmléﬁeceerémw ri%?ituest m:- d)"et"rraydbéygefect’eblet 0

conpl enent thbﬂBH Qe w1th§§UEhenﬁoiIGWEﬁé“% sV ARG &ﬁ@h@g gﬁ%? X =

subst ances, t o achi eve_a.pnore neutra cal or sorb,

particul ar '%ﬁé\/@eﬁgt‘ltqoof Yi FcP RSP ¥ fd0q foddomias arbavrkiem, te MO dye
may be sel@ctped:damtpameheua deansxeﬁsémtbytéa@dmte Bt EbXaZSryiestide
phot ochrom c l}sg,%r;%ei ? an unactivated state. ' The host
material w !l "usua ransSparent, but may be translucenf or even
opaque. The host mat erl'ahenaxwlmt Oﬁ)mtyoﬁ@ehrpamSpaubatam@etdmthmrdsmﬁo@f

t he eIECtFOm%Eﬁﬂéﬂﬁlng s%HECB%HﬂleMW%éﬁb traéﬁ%%&a%%SV?nﬁaoﬁPﬁgﬁgt pr oduces

subst ance, "i.. e. hat wavel engt h of
t he OpenW t’-l’fe@ﬁb%ﬁﬁé%alarﬂrqmedp&hﬁtoﬁ §Pflfh§lvh‘§|%m<eunt is

spect r um 1shatusieic Itud@&oaheeabspn@w@ﬁh:m@ raﬂﬁe\eﬁvala.%&et_-hlsie to the
substance in |atks UV activat ed Preferably,

en
the host col SPXSFLTYE. W8P 3%?]8%&%’[ G[er}?é:&g'g'%gufﬁeaﬁ‘&’m: SR iR
activated fomS@:ﬂflbhel pisosophebethiromic saMgsindnce Thie. partioulée athaunge i n

color is reagideds ARPANAR! often updP G 3dhsity of color desi
PCT/ USO7/ 15453 0 Ceb P Y ofygoror desired upon
irradiation thereof and upon the method used to incorporate

20 or apply the photochromic substances. Typically, the more
photochromic substance applied or incorporated, the greater
is the color intensity up to a certain limit.

The relative amounts of the aforesaid photochromic
compounds used will vary and depend in part upon the relative

25 intensities of the color of the activated species of such
compounds, and the ultimate color desired. Generally, the
amount of total photochromic substance incorporated into or
applied to a photochromic optical host material may range

- from about 0.05 to about 1.0, e.g., from 0.1 to about 0.45,

30 milligrams per square centimeter of surface to which the
photochromic substance(s) is incorporated or applied.

The photochromic substances of. the present
invention may be applied to or incorporated into a host _
material such as a polymeric organic host material by various

35 methods described in the art. Such methods include
dissolving or dispersing the photochromic substance within



to the observer. Mre preferably, the host material article Is a solid
transparent or optically clear material, e.g., materials suitable for
opti cal ‘Q,I i cations, such as plano and ophthal m c | enses, w ndows

e

aut orot i veWP93AM T encies, 5 e.g., windshields, aircraft trEsi<PSFasSBes,

pl astic sheeting, pol yrreri c fil ms, etc. Exanpl es of

pol ymeric organic host materials which _ {%Y_ be used with the

phot ochrom ¢ substances or conpositions escri bed herein include:
polymers, i.e., honopolynmers and 10 copol yners, of polyol (allyl carbonate)
_nononers, die- tflrsfllwsa: mateglipdol edgnet haetyﬂmtiét righdpdace, byt addpngpeirs |

benzene CE:L@%%E%%CQI £8NeRe! méhshhd Bl dos¥! Ah8eFPASNEL for
et hyl ene gl yco |srret | at e mononers, poly(ethyl ene gné
bi snet hacryl at’ee rﬁﬁ%’@-za&%y AmbdRiEhen Pt 1’3" pd Reend

al _koxylhalt efl poivty dine rﬁismhalteflalasyyhmermm S;héh&btamatiéhm(y:fﬁ&d :
tri met hyl ol _ propane i gcryl at Mer s Ter s Q ymers
and copdl yl?‘fg F S0 ]d'ft’;ﬁff ﬁ%r’%’ﬁ Bﬁsggcgrﬁm" r%‘ﬁ’o;tan(fe Br gPFuF? 2

functional , actyamdfermngmmvidkdnigathy phetqdrmmcs SybsitahClecrs] a 36pafare ]

al kyl et hacr
pol y(oxyal kyl eih%# tﬁ}a%}’ ?iit) i%éﬁ‘;”ﬁ%?}é fkox ddyte%a“ﬁgenal' €-g., as
met hacryl at es)2 R¥FE @ P&%é’!@?éc ééﬁ“ul aad ?FPR]aXPé’cgatté‘e phofarhpepie

aclet ?t_e perp: Oéhﬁﬁﬁarféé Y| Qﬁa&ta@czft at eﬁfﬁiyé%hce? dapltgs@vlsu)tlfaaéﬁbﬂtﬂ()je
pol y(vi ny coho vin chl,ori de al Y(vin |enec
pol yur et haﬁtzl %‘? ]Hstls%'epgf"‘ﬂ'ar Eﬂiﬁ%?}e%l l'boltilestlersg 'Lé’t"% (g%%

t er epht hal at e)t.o podars tand: rigclydley palcpeatien hof sthe mi@)tochromlc substance
copol y(styr enes fEidin aftéﬁcws%t fhefOBR] VATIYA R Grssiotatl LLARLELL! 62

ponV|nbeutyr yners, 1i.e onopol ymers and copol yners, of
di al | yl i dene pehg a*r-cyftcmmmlc subskanFeuLREP 2 RAFAYSMPRCIYIEEN FBP9BI Phase v

carbonat e) PPANELS, Fhd) otHdreskheReagly60 | mdtredrdldmel. carbonate), and

acryl ate oners. re rs and I ends _ of,
t ranspar egﬂ 35 .pol yners §P§‘pﬁF§81‘§u?{;la%f‘ a:'sl (5’3’[‘J %ﬁnﬁgﬁ Hiss P'F’e‘?"eﬁ apty
t he host mat erdyés; Smayn teptapgealilegd a:loeahepbbgtmnaizmi‘am ganachieve a Mgre

93232037 aesthetlc result, for medical reason£{ILp§%Z/}§4§§ns of
: fashion. The partlcular dye selected will vary and depend on
the aforesaid need and result to be achieved. In one
20 embodiment, ﬁhe dye may be selected to complement the color
resulting from thé activated photochromic Substances, e.g.,
to achieve a more neutral color or absorb a particular
wavelength of incident light. In another embodiment, the dye
may be selected to provide a desired hue to the host matrix
25 when the photochromic substances is in an unactivated state.
The host material will usually be transparent, but
may be translucent or even opaque. The host material need
only be transparent to that portion of the electromagnetic
- spectrum, which activates the photochromic substance, i.e.,
30 that wavelength of ultraviolet (UV) light that produces the
open form of the substance and that portion of the visible
spectrum that includes the absorption maximum wavelength of
the substance in its UV activated form, i.e., the open form.
'Preferably, the hbst color should not be such that it masks
35 the color of the activated form of the photochromic

substance, i.e., so the change in color is readily apparent



material prepared froma thernopl astic. pol ycarbonate resin, such as

the carbonate-linked resin derived from bi sphenol A and phosgene,
which is smbogssesier the trademark, LEXAN, a - pol yest er, pgyffsodgsszie
mat'eri al sold under the tradenark, 5 MYLAR, a pol y(nethyl nethacrylate),
such as the material sold under the trademark, PLEXI GLAS;

pol.yneri zates of a pol yol (al | yl carbopste) nononmer, especially

di et hyl ene gl ycol bis(aIIyI carbonate), which nononer is sold under

th trad I 10
(alel yl car [)(fcj)lnggra?ke sgegrv(f et hy e:\ré\ggéleég%eg%yg(&??q?&/&erms t@&ﬁﬁ&ﬁ%%)mlﬁn th
ot her copol yn‘-l;ﬁéa&ﬂbldnﬁﬂﬁmacemm eri gptically clasr amtespallymerg.with
vinyl -acet at emaeeﬂla:bscmeamres £k opucsi%@@&ﬂ%{sce%hcﬂ g%hgagp,g

glycol bis(allyl carbonate) and ent vinyl “ace
particul arly 30dg%Phid: %:"é?%tc drenses,t Wénﬁf"ﬁal FyForati st frapspagensies,

percent viBpyleagg}f aﬁﬁudﬁmtlds, QARekHIer Erdhipareméiad) 9haaR8 cNaKkBYing,
term nal di acrg ate iR functl nality, as described in U S. patents

4, 360, 653 and®®: &-copol ymers with ali phatlc ur et hanes, the
term nal portion of V\:hl Elxampmteal Of&ﬂ)éWmﬁ‘l@.Qﬁ:}daﬂlcf neeti ﬁﬂﬁérlgﬂs ORI ,

as desor ! bed duly theadetl Glerd RR0RABEOCRONIY Mot anced Bk Bhogai tions
consi sting ofdeser dart@n}lly!cell’wéu#et hpeiymexs, i.e.yohomepslynersopndpenyl

benzene MpONEsse g%&éwwcﬁft %1F01(Qi§9'ﬂ689£b&1ﬂé‘59 lr@t ed%gﬁ?ﬂaﬁe

et hyl ene gl yco bi snmet hacrylate nononers po y(et h ne glyc
bi smet hacryl a¥ WFa’F‘BHmﬁﬁ%ﬁol %‘Pe’(‘f?ﬁ?{%ﬁné{ ebenzepgnoners and

et hoxyl at ed tm¢rﬁmié]§d,0|emfo&§'aﬁteﬂr bRSPNERSE A dlﬁaﬁha&ly&ateehbﬂbﬁéﬁs,

acetate, cellul |on ul 0s rate I e acetate
butyrate, pol ys}% ene %giscop%?yﬁﬁfét%f eé:r’?é \RPﬁ' (ﬁgl"@?ne
net hacryl at e, 93y9nd) mr@tt@acrylahd menghers ¢ reﬁhexylated phenol Mor e
parti cul aisy, m&nH GRIAL hondmess 2hat Bfkoxy1 A %@%gh

tical organlc resin

I ndenonapht ho %/rans of the present |nvent|on '
MONONMErs use S OROFEESe a FRgh 38 c?'émchﬁ%ﬁrzaeeéylplepromner| al s

suitable for tﬁﬂiazﬂq}late mnbheeaelpasyméwh B f,0homepBniRepkagaaand
opht hal m ¢ 1\Ngr%§/%%0 olyfunctional, e.g. di- -
PCT/. US97/ 1543%ppo ym : polyfun al, g., monoyy di- or malti
functional, acrylate and/or methacrylate monomers, poly(Cji-
20 Ci12 alkyl methacrylates), such as poly(methyl methacrylate),
poly(oxyalkylene dimethacrylates), poly(alkoxylated phenol
methacrylates), cellulose acetate, cellulose triacetate,
cellulose acetate propionate, cellulose acetate butyrate,
poly(vinyl acetate), poly(vinyl alcohol), poly(vinyl
25 chloride), poly (vinylidene chloride), polyurethanes,
thermoplastic polycarbonates, polyesters, poly(ethylene
térephthalate), polystyrene, poly(alpha methylstyrene),
copoly(styrene-methyl methacrylate), copoly(styrene-
acrylonitrile), polyvinylbutyrél and polymers, i.e.,
30 homopolymers and copolymers, of diallylidene pentaerythritol,
'.particularly copolymers with polyol (allyl carbonate)
monomers, e€.g., diethylene glycol bis(allyl carbonate), and

acrylate monomers.
Transparent copolymers and blends of transparent

35 polymers are also suitable as host materials. Preferably,

the host material is an optically clear polymerized organic



| enses, w ndows, and autonotive transparencies. Such optically clear
pol yneri zates may have a refractive index that nmay range from about
1.48 to a s , e.g., from about 1.495 to about 1. ifically
cont enpl a?ggbgé”é%5 5 optical resins soI d by PPG I ndustries, ,ﬁgsﬁicf‘ér§t he " °
desi gnation CR-307 and CR-407. The present |nvent|on IS nore
particul arly described in the.fol | ow ngg exanpl es which are intended as
illustrative only, since nunmerous nodifications and 10 variations therein
wi || be appar ematexizlhgsepsicied Egdomnat heermoplastic polycarbonate resin,

EXAMPLE 1 h -
Di benzof uran (szl%c graas the carbonﬁge llak%%ng%-ﬁ d’Ierlj(’réh (‘)“rr © ebf‘ ﬁpggnﬁ%lﬁ) |

were added to 3% %ﬁ*em ybgch is goht anrieNn) WH0 trademarker SEKAN) of
anhydrous met pdlgrester, sﬁhhoalsdEhal’hdaﬁériéBCb&id rxﬁmart Qméeﬁ;i«ha&ﬁark

Anhydr ous 0, to the
i x%/ureu Tra#eu 58 rdadt Po%l}r#‘e#g %(K'A‘/%glg%?ﬂ!f%? o’nes“}‘f Psaﬁ St %@ﬁeﬁbﬁieﬁﬂ-%to
a 5 wei ghindex dhet txgdemarkhyBLBEFGLASC maliyhearicates BEXAUT €. . The

resul ting ”‘XH&&E&&M%%I&&UrESQb&ﬁaEbpqhﬁﬁdﬁgg Qﬁﬁﬁﬁﬁkqué81Ftﬂg§2ngeﬁf§ﬁ§fe

chl oride. The _organi.c | ayer was separate
wei ght percentb d SagPaRrRgdr o‘Xli‘-H%h MonqRay dwe§ody under| the wat er.

The organj c | ayedenasks €RaBa} ednd poByifle £ 4 £k 0\ &BBX%Q&@ 8RUQESHIVDL

Fesuiting ¥ "G Beabopab) ¢l o5 S S FHIRE Fece bt ebbefea
product, 50 gr‘%ﬁ@OD\ﬁé}@il vithedthed cépolymegd.zakleunbeemeSdcnmghetials, :
resonance (vaam.oa@t eugbipﬁaeg &b&d@ﬁwf%@&@éﬂe 9., 8oPBY§marStipct ure

' di b
cors sten s i BGOSR LB LAtk o, s, i b soragmate) o
slow y added tl®-20r pactienh ¥iagk scstsie) MarEAGurhref 80-86 Oﬂaélﬁegmt of

2-benzoyl g bepzotyLan A0B l.&)_,and
PCT/ US97/ 15433 q 1&§? gk na&éﬂ' ﬁH)GQ 20 peércent lemi ceggte, and
copolymers with a polyurethane having terminal dlacrylate

functionality, as described in U.S. patents 4,360,653 and -
4,994,208; and copolymers with aliphatic urethanes, the
terminal portion of which contain allyl or acrylyl functional

20 groups, as described in U.S. Patent 5,200,483; poly(vinyl
acetate), polyvinylbutyral, polyurethane, polymers of members
of the group consisting of diethylene glycoi dimethacrylate
monomers, diisopropenyl benzene monomers, ethoxylated
bisphenol A dimethacrylate monomers, ethylene glycol

25 Dbismethacrylate monomers, poly(ethylene glycol)
bismethacrylate monomers, éthoxylated phenol .methacrylate
monomers and ethoxylated trimethylol propane triacrylate
monomers; cellulose acetate, cellulose propionate, cellulose
butyrate, cellulose acetate butyrate, polystyrene and

“30 copolymers of styrene with methyl methacrylater vinyl acetate
and acrylonitrile. ’

More particularly, contemplated is use of the

photochromic indenonaphthopyrans of the present invention
with optical organic resin monomers used to produce optically

35 clear polymerizates, i.e., materials suitable for optical
applications, such as for example plano and ophthalnic



- 28 - di met hyl succinate (30 granms, 0.20 nole) over a period of
one-half hour. The resulting pasty m xture was refluxed for two hours,
cool ed, anwoais3Pe37400 nL of water was added and m xed welBCT/OSYe/15438E€0US
| ayer was separated, acidified with 5 dilute hydrochloric acid, and
extracted wth 200 nL. of t ol uene. . The sol vents, toluene and residual
t-butanol, were renoved on the rot ary evaporator to produce a near
quantltatlve yi el d of crude Stobbe hal f-ester: 4-(dibenzofur-

2-yl) - 4- phenyi 1enset hoxdmrdewron and anvometiveatrgnsparsngbesmt efuet was not

purified foth@ﬁtf&ﬁl Sc1sfd glierivates ma&hﬁaﬁéxé §é§§act1ve index
STEP 3 e crude half-ester fromsS gh}v%s added to a 15

reaction fl askER¥RtBANI FRPIR T ARRHH i1ad 8 f@oaﬁf’ Pd €9 anfkA®us
sodi um acet at eah&flt g1 %9 tes1chddet 11.)6eur esms:.flcamﬂ.yuaedtémplaﬂtéwwﬁe The

The resul ) fg SEetann rosthid SRl by, Ept TriBRREEdsP el Mlddy SARECCEI 2T Ly
Water 20 (200designatsion dRt-IO lante R O0The sl ow addi tion of solid

sodi um carbonate unti | Cﬁtﬁogr@'s%'tdﬁnﬁéﬁwéhoﬂs Crﬁ‘@é@%ai@l%ulaﬂ@ga”' C
| ayer was separated and, was wat er I'vent,, chl ofoform was

renoved on a reESFYARRALR dihs §@1°WJ%%P§3539§F§CBB§°B|?r%d'ﬂ%ﬁ‘?ﬁ?fb ag
m xture of 1- (ﬂlhﬁlﬁﬁtﬂiv& orlly, \Wince muie@susamnbabylcdt hows (myd napht hal ene

s e Sprtan i EAe ol s 0E0 L LGB Bl g T

Thi s mat eri al - Was not puri WEr € use d|re

next step. Jarct. STEP 4 . ' The 0|I
cont ai ni ng 1-(di benzof ur-2-yl )- 2- met hoxycar bonyl - 4- acet oxy- napht hal ene
and 1-acet oxy- 3- met hoxycar bonyl - 4- phenyl - benzo[ b] napht ho[ 1, 2-d] f uran
from. Step 3 was added to a reaction fm&al ning 100 nL of a 35 10

wei ght percent aqueous sodi um hydroxi de ssitBpi bn and 200 m_ of methanol .
The nixturqsmas refluxedrh%%ngoggggﬁ ?Qg grams, 0.23 mole) and benzoyl
chloride (0.25 mole) were added to a reaction flask
containing 500 milliliters (mL) of anhydrous methylene
chloride and stirred at room temperature. Anhydrous aluminum
dhloride (0.30 mole) was added slowly to the mixture. The
20 feaction mixture was stirred one hour and then poured into a
5 weight percent aqueous hydrochloric acid and ice mixture.
The resulting mixture was stirred 15 minutes and extracted
with methylene chloride. The organic layer was separated and
washed first with 10 Weight percent agqueous sodium hydroxide
25 followed by distilled water. The organic layer was separated
‘and dried over anhydrous magnesium sulfate. The methylene
chloride solvent was removed under vacuum. The resulting
oily product crystallized from hexane. The recovered
product, 50 grams, was filtered and air dried. A nuclear
T30 mégnetic resonance (NMR) spectrum showed the desired product
to have a structure consistent with 2-benzoyl dibenzofuran.

STEP 2
Potassium t-butoxide (35 grams, 0.31 mole) was
35 slowly added to a reaction flask containing 600 mL of
toluene, 2-benzoyl dibenzofuran (40 grams, 0.15 mole), and
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- 29 - cooled to roomtenperature to crystallize the desired
product . ting crystals were suction filtered, washed with cold
aqueous et&é?gﬁ%‘%?d dried. The recovered product, 15 gr anBCTREH4RIR

spectrum consistent with 1- 5

hydr oxy- 3- car boxyl - 4- phenyl - benzo[ b] napht hq[ 1, 2-d] furan. The filtrate
was poured into a beaker containing appré'xi fely one liter of cold
(approx. 4[err]C) dilute hydrochloric acid to crystallize the other
desired produckimetbydt spocgnabe 030 tdgcams, 20 todg) coyer ah | pewiqat @fuct was -
col | ected by ul 0 | tr to
have-a - stroReunaLE sholie; P Preyfh il £REy bUSLARQIGE, HEbAY o
napht hoi ¢ aci &wo hours, cooled, and about 400 mL ofswgpeg was added and

| - Hydr oxy- 3- cm&e&yhehphemé HeRESHLY] lm[slsa araté&if W A A1 O LARR)
from Step % g %geactlon Ias th a Dean- St ark
appar at us) co |n8YT5°§ RELGracidy, angd a§GFFloYﬁ'Eha%9%| Wh®B0 nL of
t ol uene. The rteiuleneng The rrsoamxetsvastdhidrw(addf eesidual hotsstardal,i wgxrkhi s

tinme a deep ZQemE:%QdS gh%]%) e ’J[‘Y Vgéjtb E‘Bégg{lﬁe\ggzne qol ed and 200

mL of water was ad atul a,
filtered, and %&S‘ﬁé&a%uEEex‘%?%I?/f vﬁ%"%ﬁ%"@bb%h@fgh#ter- Pl (idtenzefoons

sodi um bi car anﬁ¢r4aﬁﬂeﬂ@iej—mJﬂ?ozEWr®q 3-bheEnEPE0A &L PTGt 7
gr ans, hadL? N@ Regtrum consi stent” 25
5- hydr oxy- FELBEnYBF bTP Mot Bied f“ré:hﬂrnaﬁﬁt‘ﬁ%f 1uged dl‘%ﬁ‘f‘ﬂﬂa&“

STEP 6 the nextbstipr oxy- 7- oxo- 7H benzo[ b] i ndeno[ 2' , 3' : 5, 6] napht ho 30
[1,2-d]furan (6 granms) from Step 5 was added to a reaction flask
containing 50 nL of anhydrous tetrahydrofuran. The - m xture was cooled in

an ice bath and protected from noi sture STERi 8h a nitrogen pad while an

excess of ethyl Gignardr{eageife halWaesaddedrdm g r?%Ts' ARt o a
stirring. After |rr|£g%ﬁn 35  addjtional ;ten m nutes, mL of 5 wei ght

percent a eoﬁ§a°£lﬂ9d SRt ngRcetdge araKdTidR H"boarﬂlia“}sdyéPd\/\/as

anhydrous sodium acetate (50 grams) and the mixture was
refluxed for 4 hours. The mixture was cooled and the solvent
was removed on a rotary evaporator. The resulting residue
was dissolved in 200 mL of chloroform and stirred. Water .

20 (200 mL) was added followed by the slow addition of solid -
sodium carbonate until carbon dioxide evolution ceased. The
organic layér_Wad,sgparated and washed with water. The
solvent, chloroform, was removed on a rotary evaporator to
yield a viscous o0il containing a mixture of 1-(dibenzofur-2-

25 Y1) -2-methoxycarbonyl-4-acetoxy-naphthalene and l-acetoxy-3-
methoxycarbonyl-4-phenyl-benzo[b]lnaphtho[l,2~d]furan. This
material was not purified further but were used directly in
the next step.

30 STEP 4
The 0il containing 1-(dibenzofur-2-yl)-2-
methoxycarbonyl-4-acetoxy-naphthalene and l-acetoxy-3-
methoxycarbonyl-4-phenyl-benzo [b]naphtho {1, 2-d] furan from
Step 3 was added to a reaction flask containing 100 mL of a
35 10 weight percent aqueous sodium hydroxide solution and 200

mL of methanol. The mixture was refluxed for 3 hours and
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- 30- separ at ed, vvashed with water-and dried on anhydrous sodi um
sul fate. wmslsmwent tetrahydrofuran, was renoved on a  PEEUHIYWIS4II
evaporator. The addition -of approxi mtely 10 nlL of di ethyl ether to the

resi due caused the crystallization of 5 de5| red product. This material,
was filtered and dried to yield 4 grarr@ of" the desired product. An NI\/R
spect rum showed t he product to have a structure consistent with 5,7-
di hydr oxy- 7- eleyled’ Hobgoam| bkmpelwn@ﬁe ' cﬁgsa:]anaﬁlztehubé aes1red]fur an. 10

STEP 7 d - (H A 2! 56
napht ho[ 1, 2- é’j:f’ﬁllugﬁ (3"’5‘? igﬁﬁgs?lg%r% Swegr Ségluglé %35%%1 on f% ask
cont ai ni ng 1 whstieg4witthhor}pghagyédus -ethanal Bndl Siried. 2T5egra¢mveaenﬂ 80 nL
of toluene a?%()‘dﬁ%tr eig' bkgﬁsm Fiéa”§ R "%ﬁe% diJ dn3li skRAR eERefat ure.

p- Tol uene su ni c stirring was continued

for five ﬁourhé’drOXYAF-"r‘éﬁrPﬁ&YF-E&CR"T‘W%’?&WWW*‘P&1r oftl ferper at'-ﬂ'r%

it was filgianedtandabhpoaebhieched 4 ibddiade curtasdshgdappeeRithit&@sy 20
with 10 wei ght per.cent ys ,sodi um h&/ vent, toluene,

dr o
was renoved &€ xr § efﬁgar ARBPTON 1 C) §F&§}tﬁrﬁ¥5§rﬁ?@a‘iﬁc B FHoum
chr omat ogr apim@vsanals.ulzlecahasoﬁger desilrdd nprdduct .of Abexan20chransf of n&l&s
t he el utant. esl oduc | C | | d, fr er,
[ tered o5 ZRdontizy E5vetalhobdhrodite b Cuutece il SRLEMCT 1S
range of W42 filtretdip@. AA NNR smtrmmm ttmepmodugtt tpohavehave a

structure CORg bW cBﬁs%sgegt(ﬂlaﬁtﬁD iﬂ&ﬂﬁdfhfui-yl) 4 -hydrox t%r

hydr oxy- 16- et hyl - 16H benzof ur o] 2 I ndeno[ 2 , 3" nap
[1,2-b] pyramaphfhoic acid. EXAI\/PLE 2
STEP 1 The process of Step 5 of Exanple- 1 was foll owed

except that 1-(di benzofur-2-yl)-4- hydro%&apht hoic acid 35 from Step 4
of - Exanple 1 was used in place of 1-hydr
car boxyI -1 phenyl - enzo!.bl]ly@mxm—maa:-hﬂﬂyardnphemmwﬂenzo[b]naphth0[1 2~
d] furan (10 grams) from Step 4 was added to a reaction flask
(fitted with a Dean-Stark apparatus) containing 10 grams of
b—toluene_sulfonic acid and 50 mL of toluene. The resulting
mixture was refluxed for five hours. During this time a deep
20 red solid product formed. The mixture was cooled and 200 mL
of water was added. The solid was broken up with a spatula,
filtered, and washed successively with wafer, 5 weight
percent aqueous sodium bicarbonate, and water. The recovered
red colored product, 7 grams, had a NMR spectrum consistent
25 with'5-hydroxy—7—oxo—7ﬁ~benzo[b]indeno{Z',3':5,6]naphtho[1,2—
d] furan. : ' '

STEP 6
5-Hydroxy-7-oxo-7H-benzo[blindeno(2’,3’ :5, 6]l naphtho
30 [1,2-d]furan (6 grams) from Step 5 was added to a reaction
flask containing 50 mL of anhydrous tetrahydrofuran. The
mixture was cooled in an ice bath and protected from moisture
with a nitrogen pad while an excess of ethyl Grignard reagent
was added to the reaction with stirring. After stirring an
35 'additional ten minutes, 50 mL of 5 weight percent agueous -

hydrochloric acid was added and the organic layer was
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- 31 - spectrum showed the resulting product to have a structure

consi sten hydr oxy- 5- oxo- 5H benzo[ b] naphtho [2' 1,

02, 3] nde%vW'%o%j furan. STRPT/DSEN15433
7- Hydroxy 5- 0x0- 5H benzo bl naphtho[2',1':2,3] . indeno[7,6-d]furan (10
grans) from Step 1 was added to a . ~ react4gpn flask containing 100 nL of
anhydrous tetrahydrofuran and stirred. Small portions of lithium
al um num hydri de vvere added to the stirred nixture until all of the

red-orange 10°°RAFHHeYi F5Hedr ¥ath YRESE o3rd i Pisd oPupBhYEECLs Fotmmn
addi ti onal 2 mae.qum@edl\afehh atetphhy@rafiniamf wahh&ambved oﬂrhd poured

into 100 nL o i ght per.cent 0YS:es DY hl.ori.c h anlc
o vas seriotanl EpdiEOE" BHRCRUA1 100 K GEMRREARENY 181G, %"
di et hyl et herdiethyl =therred tbe aesmdaeycmnateopry/stmmsp’emmmﬁ showed

the recgv ha e 3 jed-
Gi Pydr oxus ’éﬁ?ﬂ?ﬁf bﬁ}fg&ﬁ ¥R18 iseuf%ﬁienvgw%lakggﬁgaﬁza dried to

STEP 3 20  Yield 4 ‘gmams, cé‘§§ gesired Hr?ﬁu%carrﬁF’eN&‘R\AﬁEeFBF%vﬁ‘éPwed
except that 5Stre Mwwlﬂabenw[sbkuaa@m hedrds i.skent, 3]1th 5,7-

I ndeno[ 7, 6-d] ce o YGr QXY s

et hyl - 7H benz%qb‘lcpﬂ g%?ﬁﬁﬁﬁ Rgfﬁd?‘% p )S 5 S]napBFB‘aH‘,bz

gram of a cry@lmﬂ'ame pr oduct that had a neiting 25 range of 240- 241[err]C.
A NMVR spegsrum showed the product to have a structure consistent with

3, 3-di (4- net hoxyphenyl ) - 16- hydr oxy- 16H .
benzofuro[2",3":6',7"]indeno[3',2 :4,3] S¥BR o[ 1, 2-b] pyran. - 30

EXAVPLE 3 sThepph &E&%y-ﬁﬁ- -Bewas [lBPiﬁ&H&&d[z@(,@pts tehat

n. S 2 ety gnact poseht sk ey plate of DLiun el ut
range of 257-2&8iteiar] ElaskNRBnspéatingnl shodicth-3dethokgppeogliy+2 tordpyre-la-
structure;gongi stend ULl 3.349686%1, of toluene and the resulting mixture
was stirred at room temperature. p-Toluene sulfonic acid,
100 mg, was added and stirring was continued for five hours.
After the reaction mixture cooled to room temperature, it was
filtered and the collected filtrate Qas washed three times
20 with 10 weight percent aqueous sodium hydroxide. The
solvent, toluene, was removed on a rotary evaporator. The’
cily crude product was column chromatographed on silica using
a 1:1 mixture of hexane:chloroform as the elutant. The
desired product, which crystailized from ethér, was filtered
25 and dried to yield 1.0 grams of a product having a melting
rghge of 242-244°C. An NMR spectrum showed the product to
have a structure consistent with 3,3-di(4-methoxyphenyl)-16-
hydroxy—lG—e;hyl-l6H-benzofuro[2',3':7,8]indeno[2',3':3,4]
naphtho {1, 2-b]pyran.
30 ' _
EXAMPLE 2
STEP 1
The process of Step 5 of Example 1 was followed
except that 1-(dibenzofur-2-yl)-4-hydroxy-2-naphthoic acid
35 from Step 4 of Example 1 was used in place of l-hydroxy-3-
carboxyl-4-phenyl-benzo [b]naphtho[1,2-d]furan. = A NMR
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- 32- met hoxyphenyl) 16- hydr oxy- 16- et hyl - 16H benzof uro[ 2", 3" :6" , 7'
1-° I Nndewo[98/32a37: 4, 3] napht ho[ 1, 2- b] pyr an PCTY/US97/15433
EXAVPLE 4 5 PART A ‘ Testing was
done with the photochromc I ndenpnapht hopyrans of the previous Exanpl es
by incorporating ~ theminto polyneric-saapkes by the follow ng nethod.
The guantity of indenonaphthopyran calculated to yield a 1.5 10 tines

10[err] nol al _sol ution I ppn of a
nononer bl end sg)facﬁ par?Wga oxy?a’%g%ﬁb l%ﬁg’r%%gk % ga§Q acr a ee(BPA
2EO DVA), 1 paomspskpast Witbné-gygreny-5-oxosol-beneolibtngphtio Eazfd:la 033
wei ght- per cent, 2 23's3.32QRi § g-d furdgl hyl propionitrile) (AIBN). The

i ndenonapht hopfr’gﬁl\r/\l/as 1§ di ss%) l\I/red Into the nmononer blend by stirring and
gentle heating, if necessary. After &IEEeZr sol ution was obtained,

It was poursed into a fl af- Mxiﬁ-@:ﬂ%&\ﬁu{%ehhe[bmﬁéhﬂ{o[z' 1ati ; rfp,r:ql ons of .
2.2 mmx 6 inches

| d
seal ed and pl dﬁ‘@&"ﬁ’?ﬁ o SSgiﬁﬁ?afi |‘-’rrai'ff(’f 5\5?/‘“ 5E88r ?ﬁﬂﬁ%l%‘?‘ﬁ% t%eﬁ to
i ncrease the trezptiahuf@abkosontainiky e¥0q GL bdf 8bbydeves tefrdtlgydrofuran
I nt |, hol t t I I '
ncerval, 10! S ASHUG o Yoo ' pores LY Al o REMLE AL LD
cycle. After @ddedoke he stirppdmeirtunse Wn}nﬁﬂ-lshéethﬂlasemrwmg a

di anond bl ﬁ)de c%aWrzﬁlslaBanEeanChrﬁé de£ANUnTREQER el f8E SOUALES AN
Part B The phot ochrom c test s uares repared i n_Part

were tested f@tddﬁ'ﬁ&PBEPrran?‘euF%Sp%‘H%'éch%ﬁ &dth, a mght empuny ‘b%rﬁ:*wawror
to testing on andepopiredalinbBontho mhef 5 pldghthpertent easusspsr es were

exposed to 36 nopet ul.trayi ol e h r Qut 15 es to
activate the %y%%h%g‘io ?'Smagl?:orrpa&(g%n ségfnd‘% Haﬁ'% bl a%edge%?rat é71’6["%‘-’}5}]&‘(5i oven
for about 8-t wates,t §ibtened, cand rihst |S@éwenthedphbh:mb hetmex, s

conpounds. 15Thg h@3eaS BHALESoVEE§ dRRILAYEd RONMROGbectrum showed the

recovered product to have a structure consistent 5,7-
'dihjdroxy-SH-benzo[b]naphtho[Z',1':2,3]indeno[7,6-d]furan.

STEP 3
20 ' The process of Step 7 of Example 1 was followed
except that 5,7-dihydroxy-5H-benzo [b]-naphtho([2’,1’:2,3]
indenq[7,6-d]furan was used in place of 5,7-dihydroxy-7-
ethyl~-7H-benzo[b]indeno[2’,3’:5, 6] naphtho[1l,2-d]} furan to
produce 1.0 gram of a crystalline product that had a melting
25 range of 240-241°C. A NMR spectrum showed the product to have
" a structure consistent with 3,3-di (4-methoxyphenyl)-16—
hydroxy-16H-
benzofuro[2”,3”:6’,7')indeno[3’,2’ :4,3])naphtho[l, 2-b)pyran.

30 EXAMPLE 3
The process of Example 2 was followed except that
in Step 2 ethyl Grignard reagent was used in place of lithium
aluminum hydride to produce 1.0 gram of a crystalline product
that had a melting range of 257-259°C. A NMR spectrum showed
35 the product to have a structure consistent with 3,3-di(4-



tenperature, exposed to fluorescent roomlighting for at WD 98/ 32037

PCT/ US97/ 15433 - 33 - | east 2 hours
and then kepbgsmyered for at |east 2 hours prior to testj

optical bench maintained at 75[err]F (23.9[err]C). The &ng&m tted
with a 150 watt Xenon arc | anp, a renote controlled shutter, a copper
sulfate bath 5 acting as a heat sink for ghe.arc |lanp, a Schott WG 320 nm
cut-off filter whi ch renoves short wavel ength radi ati on; neut r al

L A B A B 1

" passed throug:hmﬂemowua’ehlslaaphthb[mzmmpramrmal to the square After

passi ng through the square, the light fromthe tungsten | anp was
di rected through a photopic filten gghgd to a detector. The photopic
filter passes wavel engths such that t#e@%‘recror m mcs the response of

the human ®ye. The output signals fromEMEL &5 detector(s) were processed by
gradi oma'a elr3 - Testm@haagedmﬁe Qﬂiﬂl’fléﬂhﬁdgglﬁtbb&hfaﬁié] D) was ]
et ernt ne y e uare in t e tate into the
sanpl e s i d'{%%t}th??’g@: eg% gﬁs T EhTe %8‘5’"5315 g’@o%“’SﬁBﬁFﬂﬁmg
the shutter f?hﬁﬁt#ﬂ?q«nqawmea#p semples by tharﬁuhhﬂwmngQemaduatlmneto
change the te@ﬁaﬁﬁﬂﬁ?‘%ﬂ'1%@bhhﬁagh€ﬁSB§9a§téﬁfﬁulatéapt%ngigﬁhggtgd tate

Y S

dar kened) gtate absyrl ng .t transmttance I n
and cal culhti Tiishet? molalsspdutiopprsaprddedsie \a faskiiceptedning 66r nula
[err] OD:tjr;g(slGiﬂ % monohereb¥&Adi 65t hepNYE thokyaaseit baagﬁehaltﬂe 25

activated st g h s base

[err] OD'M naéf\/\% E cgg’%ag:ge bk bsgﬁgh P]\'?lpfar%: £ oly (Fﬁgy&EBFogﬁYSﬂ?‘b
compound' s ré€ M%t@aGVYIlﬁgﬁt apdso0- 03mlédp@¢@|enlth8 BY razobis¢2¢ 5)
seconds of uw@:—msw&plbhearue?xmféﬁﬁd Ofhed ﬁﬁlén%aghehés bin JOE

saturatlogl op caIlV 30. dg Eﬁé% %!g %@gﬂen under identical conditions as
the [err] MHVeLHRES: 4 ﬁ’r‘eb ShetEEdrgorndogfRhites for
heatlng, if necessary. After a clear solution was obtained, '
it was poured into a flat sheet mold having the interior
dimensions of 2.2 mm x 6 inches (15.24 cm) X 6 inches (15.24
cm). The mold was sealed and placed in a horizontal air

20 flow, programmable oven set to increase the temperature from
40°C. to 95°C. over a 5 hour intérval, hold thé temperature at

95°C. for 3 hours and then lower it to 60°C. for at least 2

hours before the end of the curing cycle. After the mold was

opened, the polymer sheét was cut using a diamond blade saw
25 into 2 inch (5.1 centimeters) test squares.

- -

Part B
‘The photochromic test squares prepared in Part A

) were tested for photochromic response rates on an optical
30 bench. Prior to testing on the optical bench, the

photochromic test squares were exposed to 365 nanometer

ultraviolet light for about 15 minutes to activate the

photochromic compounds and then placed into a 76°C oven for

about 15 minutes to bleach or inactivate the photochromic
35 compounds. The test squares were then cooled to room

tempe;ature; exposed to fluorescent room lighting for at



the exanples in Table 1. The | anbda max reported in Table 1 is the

wavel ength in the visible spectrum at-which the maxi mum absor ption of
fhe acti vM®®/A26M ored) form of the 35 photochroni c conmpoun®CIMUS7/15433
di et hyl ene glycol bis(allyl car bonate) conposition occurs. The Bl each
Rate (T 1/2) is - WD 98/ 32037 .

PCT/ US97/ 15433 - 33 - - 34 - "the tinme
interval in seconds for the absorbance of the activated formof the

i ndenonapht hopS3Eh 7 heuks tad thepakept coveped oie¥ helapatt 2 BeurBghest
absorbance atpfien ﬁ@mﬁw ®n an bptliekl] Fendl. M BitdiRedlaterssegmoval of

L opurce, o (2514 N ndull o9 kERa" RLeh S {EERAN %' B2
TABLE 1 1aEnVRL Bremotd ANBDAONAXd Bbnti€Ey MiNcopper dudifiit@Dbath

?' each 10 S%W%s a(\ﬂe%ltBls'i)nkS'%N%' ILX' ddc 1ax§§T%TAhg¥t WG~ 356T%2)

574 nm fugogoff fllter whigh removes shq@t wavelengqp radiatigpy nm
0. 20" néudal density fid%er(3) and a sample hoiﬂ&i'&QSWhh&hOEhzab|e 1

show t hat a range_of vaI es, for bleach rate t . saturat and
sen\évl tivity a?%'g%ﬁ? AIh&E S e "BRafprer EB Lﬁia%egf’]mg%e%hpﬁ g hjf‘ gbhe
present invenfxom @ietpambtﬂjx drantphelaSOpaaaedr'ehmuqlhetltﬁatwcIaltcarsmglA
the side g f§§ 2D norma P Wi %ﬁ? Ebtueﬂﬁ§e£{§géglnéqéﬂfeh thﬁé;]be en

Rlerr], B and resent 1 nventi on
descri bed SqRA¥e r dthe dri@ht SreRe t§ﬁeEPP9%t%Fét%ﬁ“!‘& WS sdreicggdakhrough

enbodi nent s theslesfopid fi gt a:cﬂthﬁhéadtbhéltdéﬂéi&&et aithe gﬁotbgleegaL ded
as limtation onthe SCO |nvet t as and to, the
extent that tHELSE PITRILATLSTERES R i Gtofe Mimics "the

'~ response of the human eye. The output signals from the

15 detector(s) were processed by a radiometer.

Change in optical density (AOD) was determined by
inserting a test square in the bleached state into the sample
“holder, adjusting the transmittance scale to 100%, opening
the shutter from the Xenon lamp to provide ultraviolet
20 radiation to change the test square from the bleached state
" to an activated (i.e., darkened) state, measuring the

transmittance in the activated state, and calculating the

change in optical density according to the formula A
~ OD=10g(100/%Ta) where %Ta is the percent transmittance in the
25 activated state and the logarithm is to the base 10.

The A OD/Min, which represents the sensitivity of
the photochromic compound's response to UV light, was
measured over the first five (5) seconds of UV exposure, then

expressed on a per minute basis. The saturation optical

30 density (OD) was taken under identical conditions as the A
OD/Min, except UV exposure was continued for 20 minutes for
the examples in Table 1. The lambda max reported in Table 1
is the wavelength in the visible spectrum at which the
maximum absorption of the activggea.(colored) form of the

35 photochromic compound in a diethYlene glycel bis(allyl
carbonate) composition occurs. Tpe Bleach Rate (T 1/2) is
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-35- W claim 1. An i ndenonapht hopyran conpound
repr esent the follow ng graphic formulae: 5 [err]

wher ei n, Qﬁog¥3m37 (a) Ais an unsubstituted, nono- suPSHPEIE43,
di- 10 substituted heterocyclic ring selected fromthe group

consi sting of benzothi eno, benzofurano and _j,ndolo, the 2,3 or 3 2
positions of said heterocycllc ring belng \séd to the g, o]

substituents beln r cycl
Jerr]-derr] aé‘ltl%(f%)'ﬁedc 61“0°§r ‘P?ubi‘%?mnapht opyran in they eStR[%Iqa]rﬁﬁnd :
Rlerr] toget he:ro fr&'é&hagnexﬁaﬂfoﬁﬁe Rigies®© absorﬂaﬁlbea Qﬁygbdﬁﬁ %&m\é‘eng 2
oxygen atons car i ncl udi n t I s irocarbon
atom or R err] %a%{ﬂ gFéP ?)a?gt %‘6%‘ h‘iﬁﬁ% £° ﬁﬁar THERin Cerr]
al kyl, C ers]-ldjghtr] Beshdhsk§or t\heytqumnqm@rfyltbenﬁnempmmtelt ed .

phenyl , benzylabmgggeaugﬁtfggigdl. benzyl, chloro, fluoro or the group,.
C(O)W whereln each - o

or p side of s34 dt:L @ Lﬁo Xrﬁc?éé’é dfor thé]gkgfagﬁ%gl:éCOIEl%% kyl ,

TABLE 1
EXAMPLE LBRMBDA MAX AOD/MIN AOD@ Bleach
10 COMPdUNDS (VISIBLE) SENSITIVITY SATURATION - (T1/2)
1 597 nm 0.25 - 0.12 o 23
2 574 nm 0.19 0.26 70
3 580 nm 0.20 .21 48

15 :

The results of Table 1 show that a range of
values for bleach rate, AOD at saturation, and '
sensitivity are obtained for the Ekample Compounds 1
through 3 of the present invention depending on the -

20 nature of the heterocyclic ring A, the side of fusion,
and the substituents Rj, Ry, R3, R4, B and B’ .

' Although the §resent,invention has been described
with reference to the specific details of particular
embodiments thereof, it is not intended that such.deteils

25 be regarded as limitations upon the scope of the invention
except as and to the extent that they are included in the

accompanying claims.



is hydroxy, Cerr]-Cerr] alkyl, Cerrr]-Cferr] al koxy, phenyl, nono-
substituted phenyl, am no, nono((Jerr]-Cferr])al kyl am no or

di (C err] widhegsddnl kyl amino, or Rlerr] and R err] are each (BCI/sI1s433
-OR[err], 25 wherein each R5 is (err]-(err] alkyl, '

phenyl (CJerr]-Clerr])al kyl, mono( Cl1- C6) al kyl substituted—""
phenyl (Cerr]-Cerr])al kyl, nmono(Cl erBsp-€err])al k i

h I - | kyl, - '
P ggy_ (er ;}k(c)i)e/z E:][ )e(rar] }/C[ erC£ ]e; ;} k)c/:l[ 1er E:][ err]-Cerr] cy]immcnﬁﬁi“lm“jmm

mono(Cferr] - r kyl substituted Cerr]-C[err] cycloal kyl,
C[err]-C[errf&ghF%%%gfkyl, Cerr]-derr] quoroaIkg%h allyl, the group,

I
-CH(R[err]) X, wherein dach R&njkndenepaptidoRyYFancremppurd crePreseifed Lych
X is -CN, -Ckherebriewin§Q@Fphiddedrmaaet Rlerr] is hydrogen or Cl-C3
al kyl, or each Rlerr] is the group, -C(OY, wherein each Y is hydrogen,
Cerr]-Cerr] alkyl, Jerr]-Cerr] al koxy, an unsubstituted, nono- or
di -substituted aryl _phenyl and naphthyl, pheggoxy, nono- or di-
, d rﬁ%-C[err])alkoxy
iy

rr]-Clerr])al kyl
N

10 substituted ph
di(Cerr]-Cerr])al

m no, nono-

substituted phenyl am o Cerr]-d

substituted phenyl am no, Hi yl ., oen gBoUp
substituents being ([err]-C edgd J L Jerr]-er ;o .

(c) HRerr] and Rerr] -are € ] C[ eBt] al kyl r] glkoxy,
chloro or fluoro, and m and p each the intege "2; and

(d) B and B are each sel ecpe#Tromthe group goof : 20

(i) an unsubstituted, nondRg¢)mli- and tri- groups,
phenyl and naphthyl; ' (i) "® Msubstituted, nono-
and di - "~ substituted aromatic heterocyclic groups pyridyl, furanyl,
benzof uran-2-yl, benzofuran-3-yl, thienyl, benzothien-2-yl, 25 :
benzot hi en-3-yl, di benzofuranyl, dibenzothienyl, carbazolyl and

fl uorenyl, eacp of .said aryl and aromatic heterocyclic substituents in
(d) (i) and (V eréPhg sel ected fromthe group consi sting of hydroxy,

aryl, mono(derr]-derr]jal oxammran unsubstituted, mono-substituted or di-
10 substituted heterocyclic ring selected from the group

consisting of benzothieno, benzofurano and indolo, the.2,3 or
3,2 positions of said heterpcyclic ring being fused to the g,
h, i, n, o or p side of said indenonaphthopyran, said
. heterocyclic ring substituents being C3-Cg alkyl, C5-Cq
15 . cycloalkyl, Cq1-Cg élkoxy,_thoro or fluoro;

(b) Ry and Ry together form an oxo group, a spiro
- heterocyclic group having 2 oxygen atoms and from 3 to 6
carbon atoms including the Spirocarbon atom, or Ry and Ry are
each hydrogen, hydroxy, C1-Cg alkyl, C3-C7 cycloalkyl, allyl,
.20  phenyl, mono-substituted phenyl, benzyl, mono-substituted
benzyl, chloro, fluoro or the group, -C(O)W, wherein each W -
is hydroxy, C1-Cg alkyl, C1-Cg alkoxy, phenyl, mono-
substituted phenyl, amino, mono(Cj-Cg)alkylamino or .
di(C;-Cg)alkylamino, or Ry and Ry are each the groﬁp, ~ORg,
25 wherein each Rg is C1-Cg alkyl, phenyl(C;-C3)alkyl, '
mono (C1-Cg) alkyl substituted phenyl(Cj-C3)alkyl,
mbno(clrca)alkoxy substituted phenyl (C1-C3)alkyl, Cq1-Cg



di (CJerr]-derr]) al koxyaryl, al'kyl aryl, 30 _

di (d err] Cerr])al kylaryl, brom)zHI Ialr" m&l ﬂ:‘l f: uolr(izalryl . |
err cycl oal kyl aryl cl oa err err

At yﬁ'r 132037 C7y el on s ! y S

cycl oal k cycl oal kyl'0 rr])al ky B err]
cycl oal konxy(C[err] Clerr])al koxy, - aryl (derr]- C[err]) al kyl, aryl
(derr]-(err]) alkoxy, aryloxy, .- aryl %y_gqerr] Cerr])al kyI
aryloxy(([err]-Cferr])al koxy, 35 nono-

i-(CJerr]-Cerr])alkylaryl (derr]- C[err])al kyl , nono- and

-(derr]- C[alk%sa(%@ﬁfa)“@@[ce CalCg] eyFigatkyl, mono(C1-Cq)alkyl

- 37 - @pii rer al k
nono- and d| derr %ﬁerar])al ko%g?'%’ Pigr&ﬂelrr])alr]?h CbiLék;manooxy
nono( d err] - CFE99¥9 rarﬁlﬂdlrdtPE[ QFP}-‘PC[é‘F ]I}@?P"fcyl"’ei’iﬁrﬁ&n eachi Reyi®ni no,

N(Cerr]-d enyc]h)@d,&ylﬁ - raq_,kym-, aegkRi :pe;r_az-m:m -@E3az okl ¢COOR~} n&i&lu no,
pi peri di no erjdin

|
t et-r ahydr ofjui ﬁ%ﬂg ’f%tl?yé’rﬁ?(?re&pgé'qﬁﬂ-ﬁgpl 5ky |omf%rc31 Rscf"g FPe PFRrR
al kyl, der r]-@[@)‘q it exrecianl Ie;sic,h €[ désr hyGfegen, cdy-@galkyl, Ci1-Cg

k -
(r’E[D(ra](r)E ]C[ g ?]r rl {J:é’:?#,) a‘lfl}l%xyrts S I’J]]‘l:u ar rh:ﬁ% 08 cf(a. subst:l.;/:lute? aryl

met hacr yl oxy, SpP@R®, nlale&er H!DGDOXY: m°n°" or di-  (jjj) a

%g O\IIJ\E represepjed, )baawm Sifbsith.&uft@h' PHeR8xy, mEHAPRHC ofler(tfgl-agyalkoxy.
erei

ni t rogen, QBFO'%%%%@%Q? \m}?ﬁy %’rlsaag‘gﬁgt': ?‘ﬁg‘g qu)(?djﬁy Sété"tf‘gt’e car bon,
sai d nitrogends(bstCéLeritylaneineg pheayletihs prménre- or dj-ddy-Cehalkylng of
Jerrisctert] %‘%ﬂ% 1 B Bl B hofo PLa (o SRR L To0 or
fluoro; R errfuas RF‘('—:#CF Jphany laminohy §r6hent 0?336[ é?hﬁnl@[repﬁflzxﬂ-k?vd and p

group substituents being C;1-Cg alkyl or C;-Cg alkoxy;

15 ' (c) R3 and R4 are each C1-Cg alkyl, C3-Cg alkozxy,
chloro or fluore, and m and n are each the integers 0, 1 or
2; and
(d) B and B' are each selected from the group

conéisting of:
- 20 ' (i) the unsubstituted, mono-, di- and tri-

substituted aryl groups, phenyl and naphthyl;

(ii) the unsubstltuted, mono- and di-
substituted aromatic heterocycllc groups pyridyl, furanYl,
benzofuran-2-yl, benzofuran-3-yl, thienyl, benzothien-2-yl,

25 bénzothien—3-yl, dibenzofuranyl, dibenzothienyl, carbazolyl
éﬂd_fluorenyl, each of said aryl and aromatic heterocyclic
substituents in (d) (i) and (ii) being selected from the group
consisting of hydroxy, aryl, mono(C1-Cg)alkoxyaryl,

di (C;-Cg)alkoxyaryl, mono (Ci-Cg)alkylaryl,

" 30 di (C;-Cg)alkylaryl, bromoaryl, chloroaryl, fluoroaryl, C3-Cq
cycloalkylaryl, C3-C7 cycloalkyl, C3-C7 cycloalkyloxy, Cj-c7
cycloalkyloxy(C;-Cg)alkyl, C3-C7 cycloalkyloxy(Cj—Cg)alkoxy,
aryl (C1-Cg)alkyl, aryl(cl-cé)alkoxy, aryloxy,
aryloxy(C,-Cg)alkyl, aryloxy(Cj-Cg)alkoxy,

35 mono- and di-(C1-Cg)alkylaryl(Cy-Cg)alkyl,
mono—- and di-(Cy-Cg)alkoxyaryl (C1-Cg)alkyl,
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Is the integer 0, 1 or 2; Cerr]-Cerr] alkyl,

err err] bronoal kyl, err Ik |, err err
fCI[ uor Lalc{(y)vo]gﬁnm] g gr r] C[al koLygﬂﬂm I“IH(“I[HI@ Y a m[oa%mq%[m{s@]sr]
cycl oal kyl, -mono(C[err]-Cl.err]) al kox V(Clrer ] err])cycl oal kyl, 25
rmno(C[err] Clerr])alkyl (CJerr]-Clerr])-cycloal kyl,
bromo(C[err]-Cerr])cycl oal kyl , chl oro@@[err]- c[ err]) cycl oal kyl and
fluoro((ferr]-Clerr])cyclo-al kyI ; and (v) a group
represent ed byonke &pHl div(g1—Ce) aplaphinyli(@urleaalkoxy, [err]

- 38- whepehR-X5ha gﬁdqﬁgf@sgllg,@yl _S%@)ghm;{yand Zis selected

from an unsubstitute i tut ed nenbers of the

group consi st RR&Net ﬁaﬁﬁt(ﬁchsb#e’Wam’f’I?ﬂa (Canfed RLERYAMINO, oach of said

group substuu&a&-mhmae Gre(¢] -6 pi Xy iipdraz@hey, r N-&k¢Lpipérasiaxy,
bronmo, fluqro _or ¢ t aken

toget her fdr mFrao éﬂ° lngolw(?'depl eRiShEor o AT, lplﬁﬁsf‘a%u?e RSghor
fluoren-9-yli dtbnemorplaolmoneh@exatssedmmom@m t ketgabygrebsedsinglgngt, a

at ur at ed e ers] ocarhb trated
satu ol rpé,plgh £l-cq.a gg( drsgwar&awl & hep EhDro 2 18AL U

Cerr]-Cerr] carbon rin d "a saturated

Clerr]-Clerr] Cstp'F:|60f1U°r°P?-FXS§/CI‘Fb (ﬂ]di%‘ryboﬁ‘waﬁl‘c@%&hm@f(%m%)
fluoren-9-yli damel, acﬁzb&;y; UReH 1va &y g5 e beoind] ERDBYH hen@r Hlorsnsi Sti ng

of C[err] C[err Cerr]-Cerr] al koxy, brono, fluoro and chl oro.
15 ) The [ ndembﬁﬂphhhogyoap\s afemtesemtiedirbgr €éhe: following
(a) the heter?:%\énﬁ !chEU [ S unsubstituted or nono- substltut ed, and
sai d heterocy(fg rrng s rtuents are Clerr]-Cerr] alkyl
Clerr]- C[err] al koxy: @[X UE Ro
- T
: 10 ®)p D~ Rie

15 wherein E is carbon or oxygen and D is oxygen or substituted
nitrogen, provided that when D is substituted nitrogen, E is
carbon, séid nitrogen substituents being selected from the
group consisting of hydrogen, C1-Cg alkyl and Cp-Cg acyl; '
each Rg is C1-Cg alkyl, C1-Cg alkoxy, hydroxy, bromo; chloro

20 or fluoro; Rg and Rjg are each hydrogen or C1-Cg alkyl; and p

is the integer 0, 1 or 2;
(iv) C1-Cg alkyl, C1-Cg bromoalkyl, C;-Cg

chloroalkyl, C1-Cg fluoroalkyl, C1-Cg alkoxy(Cq1~Cy)alkyl,
C3-Cg cycloalkyl, mono(cl—cs) alkoxy(c3—cs)cycloalky1,
.25 mopo(cl-cs)alkyl(C3—CG)-cycloalkyl, bromo (C3-Cg) cycloalkyl,
chloro (C3-Cg)cycloalkyl and fluoro(C3-Cg)cyclo-alkyl; and
(v) the group represented by the following \

graphic formula:

N A
P o
X . 2

30
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(b) Rlerr] and R err] are each selected fromthe group 20 consisting of _
hydr ogen, hydroxy Cerr]-Cerr] al “ m ' ﬂ[ cycl oal kyl

chl or o, aqd the group, - 1 I“ m‘! “I Iﬂﬁm S rcrr@%f’f/iag err]

al kyl, phenyla? err] Clerr])al ky m')no*( Clter™ -€ efr])al kyl substi o
phenyl ((Jerr]-derr])al kyl, rmno(C[err] Clerr])al koxy substituted

phenyl (derr]-Cerr])al kyI, Clerr]-derr]ggalkoxy(err]-(err])al kyl,
Cerr]-Cerr] 25 chloroalkyl, Cerr]-Cerr] fluoroal kyl or the' group,

e b U 158 o 1 et i 1

Rlerr] is thetlgs aisubstitu€ed) Ymonbey camd \am-asdh;sdl:ﬁ.mgead fnembers G rtt}e

| kyl t ed

aryt aroup. seTeus Porpai ey aRREL, IARIbD, rusalxTdRaTiRELY o
-(derr]- C[%arcrr] Yoef] Ie,alldsgbgupt atnleatltuent;ﬁrém;m Cmﬁa abkyl, C17C4q '
-(Cerr]s Cgrud Ilsqmosuegéﬁb&at@ﬁ EREOBY , or

I kyl g
mn?&qeﬂ]r R L G T LA s S Eagpron--
-(derr] - (yxidend kaoyo- or &ﬂbsﬁb§tﬁtﬁteﬂ“ﬁlﬂoiﬁhﬁe-ymﬂdeﬂacbrOi sai d

i”g'g Substi t el $21e26A0 Cher Ll Geril Aol e Lleclerr) alkoy:

Clerr]-d er r | sgiltcmonocycdibohydopcationm opirgsd maandanedr @75@;@ spiro—
integers § Ofpiloyel i AN dr]9carbon rings, (&hd é%t@:fi@z:@;:l égecﬁgcgpffé-em ed from

the group 5 consistin
mono- subst i t WEEYSHdR hysracarbon ripgsy jeaghe PfHfei fluoren=9-ylidene

(i) an UnSLﬂkﬁbéﬁﬁﬁﬁéntﬁDBelﬁngELEHtéd fidln the group consisting of
selected fro [ stitu ed orratr het er clic gra selectedfrom
furanyl, 10 breéq Lﬂliﬁ%’l]z §P~ flhf’l %zy. b%ﬂ%%’hr ﬁ‘%f?yﬁng ﬁg 29t ur an- 2- yl,
and di benzot hi en- 2- yl, each of said phenyl and aromatic heterocyclrc
substitueds in (d) (| )2and Thie) ipdengnaphtthanstran ofr gApimelgvbepein:

consi ?tcl[ ng Of hydrOXy, taéyhemérocycﬁwlr:(ﬁ ar hk- gl@ﬁ!ﬁl‘flﬁﬁké@ho:.am no,
nono err]-Cerr am no, r err,

(derr]-derrt %[nc‘a'l &E‘r nBhd; ﬁﬁb& lh%%chrﬂl%r F&}‘é ]ﬁ%*;bﬂ“b?l?% are
pyrrylt, der rc}I-c[@rar]]kyaJ |0):| C16Egr alkékes r ] bronoal kyl, C[err]-Cerr]

chloroal kyl, CJferr]-Clerr] fluoroalkyl, Cerr]-Cerr]
(b) Ri and Ry are each selected from the group

20 consisting of hydrogen, hydroxy, Cq~C4 alkyl, C3-Cg
cycloalkyl, chloro, fluoro and the group, -ORs, wherein Rg is
C1-C3 alkyl, phenyl(Cq1-Cz)alkyl, mono(Cq-C3)alkyl substituted
phenyl (C1-C3)alkyl, mono(Ci-C3)alkoxy substituted B
phenyl (C1-C3)alkyl, C;1-C3 alkoxy(Cp-C4q)alkyl, Cq1-C3

25 chloroalkyl, C1-C3 fluoroalkyl or the group, —CH(Rg)X,
wherein Rg is hydrogen or C;-Co alkyl and X is -CN or ~COOR~,
and Ry is hydrogen or C;-Cp alkyl, or Rs is the group,
-C(0)Y, wherein Y is hydrogen, C1-C3 alkyl, C3-C3 alkoxy,
phenyl, naphthyl, the mono-substituted aryl groups, phenyl

30 and naphthyl, pheﬂoxy, mono— or di-(C;-C3z)alkyl substituted
phenoxy, mono- or di-(C;j-Csa)alkoxy substituted phenoxy,
mono (C1~C3)alkylamino, phehylamino, mono- or di-(Cq1~C3)alkyl
substituted phenylamino, or mono-.or'di-(cl-c3)a1koxy
substituted phenylaminoc, and each of said aryl substituents

35 being C3-C3 alkyl or C3;-C3 alkoxy;
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_______——__________

al koxy, mono(Clerr]-(err])al koxy(C[err brorm, fluoro and
chtoro; 20 (i) m‘ i“! d by one of the
f ol | owi ng - WO 98/32087 ¢ f or nul ae. reern E | s RCH/USHY/15483 D

s oxygen, Rerr] is (Jerr]-Cerr] aI kyI C[err] C err] al koxy,

- Rerr] and R err] are each hydrogen or C[err] Cerr] alkyl; and p is
the.integer 0 or 1; and -39 Fv) (err]- C[err] al kyl ; and
(v) the group represented by the foll owi ng 30 graphic formul a:

- 20 - [err]’ & 1 &y andve) oBaD e, ath% | & 0BENKS KBky,

nono- substituted hen substi t gent® bei
fromthe gr oupcbéﬁé‘Ps?FnﬁlB?r@[ eang IE[Qﬂf?‘ilr |n Axeyeach &he] i Sgﬁfsap kexyland
5 fluoro; or apgd (vi) B and B taken toget her form a

fl uoren- 9-yl i dene, 0-substitufed fluoren-9Q- ne or
sel ected fromthe group c |s?|‘°f‘rﬁd0$4 P RR &F rd] Ef’@rf'}‘ SBF?BP

nmonocyclic ISydeoasibéfingi 6g;  a saturated C[err] C[err] spiro-bicyclic 10

hydr ocarbon ring and a saturat e SRIE Q4 | i _
hydr ocarbon ring. said fluor en?g) xygkélerﬁe sl% S %) ‘{)dtélac phenyl and di

substituted phenyl:
{(ii) the unsubstituted, mono-substituted and
di-substituted aromatic heterocyclic groups furanyl, :

10 benzofuran-Zryi, thienyl, benzothien-2-yl, dibenzofurah-2-yl,
and dibenzothien-2-yl, each of said phenyl and aromatic
heterocyclic substituents in (d) (i) and (ii) being selected

. from the .group consisting of hydfoxy, aryl, aryloxy,
aryl(cl-c3)alkyl, amino, mono (Cj-C3)alkylamino,

15 dl(Cl—c3)alkylam1no, N-(Cl-c3)alkylp1pera21no, indolino,
piperidino, morpholino, pyrryl, C;-C3z alkyl, C;-C3
bromoalkyl, Cq1-C3 chloroalkyl, C1-C3 fluorocalkyl, C;1-C3
alkoxy, mono (C3-C3)alkoxy(Cq-C3)alkyl, bromo, fluoro and -
chloro; _

20 (iii)the groups represented by the following
graphie formuiae:

; E

D RIO
®e)p Rio

25 wherein E is carbon and D is oxygen, Rg is C9-C3 alkyl or
C1-c3'alkoxy, Rg and Rjg are each hydrogen or C1-C4 alkyl;

and p is the integer 0 or 1; and
(iv) C1-C4 alkyl; and

(v)_ the group represented by the following
30 graphic formula: '
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selected fromthe group consisting oneulj-qcrr] alkyl C[err] Cerr]

al l(;oxy br ono, quor? alnd chl o\r/\z " ’ ’ " @ ;I‘h;a I

i ndenona n of claim?2 erein a fesyclic
ring A |%b§g 83'?I tuted or nono- suth! ’me "’ l“ﬂ 3 or gﬁg‘g&tlon of
sai d heterocyclic ring being fused to the g or p side of sald

I ndenonapht hopyran, and sai d. heterocyclic 56 ng substituents 20 being
Clerr]-Cerr] alkyl or Jerr]-Cerr] al koxy; _ (b) Rerr]
and R[err] are each hydrogen, hydroxy, Cerr]-Cerr] al kyl or the

group, -OR[err], wherein Rlerr] is CerN-Ce#] alkyl;
(c) Rerr] and R err] are each (Jerr]- C[gCF}CaI__k_yI or (Jerr]-Cerr]

al koxy, and mand n are each the integexs 0 orz1; and 25 (d)

B and B' are each selected fromthe group +consisting of:

(1) phenyl, nono-substituted and di- substituted phenyl;

(ii) an unswaﬁdim &t ismhydrogendoti metBpl ands? | isitrivenitlowat mono-

het erocyclic gy %%@ 10”hEH!BaBMEner£'1§19§EHCﬁ£éht be:.n%‘ We1 ebbigny!

and benzot hi en-2-y eac a sai,d phenyl and romatlc (?Lt er ocycl i C
substituents ¥¥PR cBhe( G- oMRd CPPF)’-SBéPHg°f Cl"::BVEﬂL koxy and ’
PCT/ US97/ 154381 vore; or - 41 - . selected from
the group consisting of hydroxy, Clerr]-Cerr] alkyl, Cl- C3 al koxy,

aryl, indolino, fluoro and chivijo;B rdl B' taken together foxmia)fhwxmroup
represented by JNgidl | QWAL substEARBLC £h A6 FUL 29y Bidéid lor a member -
selected from the group consisting of saturated C3-Cg spiro-
monocyclic hydrocarbon rings, saturated C9-Cjig spiro—bicyclic
10 hydrocarbon rings and saturated C7-Cy0 spiro—tricyclic
hydrocarbon rings, said fluoren—9-xylidene substituent being
Selected from the group consisfing of C1~C3 alkyl, C1-C3

alkoxy, bromo, fluoro and chloro.

15 _ ) 3. The indenonaphthopyran of claim 2 wherein:
{a) the heterocyclic ring A is unsubstituted or
mono-substitutéd, the 2,3 or 3,2 position of said
heterocyclic ring being fused to the g or p side of said
indenonaphthopyran, and said heterocyclic ring substituents
20 being C1-C3 alkyl or C3-C3 alkoxy;

(b) Rp and kz are each hydrogen, hydroxy, C;-Cy
alﬁyl or the group, —-ORs, wherein Rs is C;-C3 alkyl:;
- (c) Rz and Ry are each C1-C3 alkyl or C;-C3
alkoxy, and m and n are each the integers 0 or 1; and
25 (d) B and B' are each selected from the group
consisting of: - _
(i) phenyl, mono-substituted and di-
substituted phenyl; .
(ii) the unsubstituted, mono-, and di-
30 substituted aromatic heteroéyclic groups furanyl, benzofuran-
2-yl, thienyl and benzothien-2-yl, each of said phenyl and
aromatic heterocyclic substituents in (d) (i) and (ii) being
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wherein E is carbon and Dis oxygen, ﬁerr err] alkyl or 10

Cerr]-Clerr] alkoxy, Rerr] and R[e Mlﬂﬂm: ‘!”yogen orCI%%!rr_}%f%e;;L_
a

al kyl , waamm'ls the integer 0 or

B' "t aken together form fluoren-9- yli déne" a tyI i dene, bornylidene,
nor bor nyl i dene or bi cycl o( 3. 3. 1)-nonan- 9-yl_i dene. 4.
An.i ndenonapht hopyran conpound sel ected froAr?'i the group consi sting of:

(a) 3, 3-di(4-nethoxyphenyl)-16-hydroxy- 16-et hyl -

16H benzof ur o[s2ledted, Erondehe[ 8roBp : o imtpind offl rydyjogyr af1-20 alkyl,
(b) 3,3-di (4 ho vl h XY, &6|‘f1 d chl : d

benzof ur o[ 2", g‘re%; ?#QQ& %r%? ¥H& g]%apht %oro anl&roro % and .
(c) 3, 3-di (4-net hoxyphenyl ) - 161h9/d=|h@><§3199PeFﬁ9ngen ed by the f°1l°w’-ng
16H benzof ur o[Zaphicb Fofmbii@deno[ 3', 2' : 4, 3] napht ho[ 1, 2- 25 b] pyran.

5. A photochromc article conpri si ng a polyneric or gani ¢ host
material ard a phot ochrom ¢ anount of the i ndenonapht hopyr an conpound
of claim1. 30 6. phot-gEIropi c article of Claimb

wher ei n t he polyneric organic hostr| a selected fromthe
group consisting of poly((err]-Cerr] tkg&ryl ates), WO
98/ 32037 / US97/ 15433

- 42 - pol y(oxyal kyl ene di et hacp?l)%t es), poly(al kexyl ated phenol
met hacryl ates), cellulose acetate, cellulose triacetate, cel | ul ose
acetate propionate, cellulgse acetate butyrate, pol y(vi nyl acetate),

pol y(vinyl alcohol), poly(vinyl 5 chloride), poly(vinylidene chloride),
t her mopl asti ¢ whered® ¥CabeRAzbes aRal Bess esoygdo) Wy alshajee; pakytebbyl ene

terephthalﬁ}e%j p0|yi o&%ﬂekgpgk%(ﬁ'ohgrgeé£@h5h9§£§52n or C1~C3 alkyl,
and p is the 1nteger 0 or 1; or
(iv) B and B’ taken together form fluoren-9-
ylidene, adamantylidene, bornylidene, norbornylidene or

bicyclo(3.3.1)nonah—9-yiidene.
15

4. An indenonaphthbpyran compound seleqtéd from
the group consisting of: '
_ (a) 3,3-di(4‘methoxyphenyl)-16-hydroxy-16eethyl-
16H-benzofuro[2f,3’ :7,8]indeno[2’, 3 :3, 41naphtho [1, 2-b]pyran;
20 (b) 3,3-di(4-methoxyphenyl)-16-hydroxy-16H~
benzofuro[Z”,3”:6',7’]inden013',2':4,3]naphtho[1,2-b]pyran;
and o . _ _ _
| () 3,3-di(4-methoxyphenyl)-16-hydroxy~16-ethyl-
16H—benzofuro[2”,3”:6’,7']indeno[3',2':4,3]naphtho[1,2-
25 Db]lpyran.

5. A photochromic article comprising a polymeric
organic host material and a photochromic amount of the
indenonaphthopyran compound of claim 1.

30. : o
o 6. The photochromic article of Claim 5 wherein

the polymeric organic host material is selected from the

group consisting of poly(Cq-Cjz alkyl methacrylates),



copoly(styrene-nethylnethacrylateT——CUpGTV(§TV?EﬁE?—- acrylonitrile),

polyvinylbutyral and pol ynmers of group consi sting of

pol yol (al | car bonat e) nononers, le“m g ‘acryl ate nononers,

pol yf unct |%9&ﬂ8 328 Thacryl at e frers, Ldi et hyl ehe gl ycol RETHESH: élé@l ate
nononers, di i sopropenyl benzene nononers, ethoxyl ated bi sphenol A

di net hacryl ate nononers, ethylene glycol bisnethacrylate 15 nononers,

pol y(et hyl ene. gl ycol) b|snethacrylate nono et hoxyl at ed phenol

and ot a1 y1 | doReyCoRpmirah &haﬁﬁﬁéﬁé?%fj“ Sty (i ASLaTpRan 0T S

material is a éQiin&éé‘ "RRAAY proplwax@ercéfi@fé;éi afée%@tteh ullpite,
consi sting of met acrylate § pol y(ethyl ene glyc
e

bi snet hacryl at ?1Y Vln%%l%&%ﬁﬁﬁﬁ%ylé%%k? (FiiaphenbFoneldi mPodXd¥in¥te) |

thfar nopl ﬁStBC 2516ﬁi¢!6ﬁ,r Wf (Gzlrmla.)deﬁleny&hl&ﬁﬂﬁi,e)l:heﬂﬁlo)‘)\lhﬂltibu'[ y][ al’,
pol yur et hane an Ners, o of e, groun consi stin 0

et byt eno. o yBorVErECBIFeR BRI et o REREPESERSREY B iRernvithe
d|nethacrylatetﬁnﬁphtheiatﬂHumpﬂhﬂa&&rphemoboly(ahﬁﬁhaetywasgynanehers

di i sopropenyl QSﬂSfﬁ?sEEEEHHﬂﬁ%ﬁﬂ?iﬁ@@ha%&??éﬁéﬂtQ%nkhbﬂﬁkg¥éﬂé-pr0pane
triacryl ate nononers ochromc article of
O ai m 7 wher ei ASTY1opierito AAITIOYIERSEERY 3 ﬁF@é@ﬁFslﬁ afemRgthtofHof
from alhout tRe. 0§r<b\ﬁp ledhglidtiingy @B p&ﬂ.y&ﬂ](lﬂjeyreﬁiﬁbrmh&l’e)Ofnoﬁém,C 35

hOSt naterlaloé Eﬁncﬁﬁogwl 'EéJI%t%h%ERSHEQQ‘ E&y¥ﬂﬂétlogal methacrx&?te

i ncor por at ed
9. The phot o@ﬁmmcs.ardmﬁrwl@fneugdmog dimetharrylatiee mgnemere, i s a |ens.

diisopropenyl benzene monomers, ethoxylated bisphenol A
dimethacrylate monomers, ethylene glycol blsmethacrylate
15 monomers, poly(ethylene glycol) bismethacrylate monomers,
ethoxylated phenol methacrylate mohomers, alkoxylated
polyhydric alcohol acrylate monomers and diallylidene

pentaerythritol monomers.

20 7. The photochromic article of Claim 6 wherein
the polymeric organic host material is a solid transparent -
pelymer selected from the group consistind of poly(methyl
methacrylate), poly{ethylene glycol bismethacrylate), -
poly(ethoxylated bisphencl A dimethacrylate), thermoplastic

25 polycarbonate, poly(vinyl acetate), polyvinylbutyral,
pﬁlyurethane_and polymers of members of the group consisting
of diethylene glycol bis(allyl carbonate) monomers,
diethylene glycol dimethacrylate monomers, ethoxylated phenol
methacrylate monomers, diisopropenyl benzene monomers and

30 ethoxylated trimethyloi propane triacrylate monomers.

8. The photochromic article of Claim 7 wherein
the photochromic compound is present in an amount of from
about 0.05 to 1.0 milligram per square centimeter of organic

35 host material surface to which the phoﬁochromic substancg(s)
is incorporated or applied.



5 10. A phot ochrom I'cle corrprl sing a polymeric organic

host material selected fromthe gr m‘lﬂﬂ pol y( met hyl

met hacryl ¥¥cdsses? vet hyl ene gl ycoI m“ ﬁm te) pol PCIIUEI/5438 ed

bi sphenol A di met hacryl ate), the¥ m)pl astc pol ycar bonate, poly(vinyl 10
acetate), polyvinylbutyral, polyurethane and pol yners of menbers of the
group consi sting of diet hyI ene gl ycol -3 (allyl carbonate) nononers,

di et hyl ene gl ycol di net hacr'yl ate nononers, ethoxyl ated phenol

nmet hacryl ate mononer s, diisopropenyl benzene nononers and et hoxyl ated 15

trinethylol propane tri gcryl 2he PRBeBBhEcRIE @riPivlled JF @laim 8 @herainof
t he napht hopyranr?&c%r_p und of gl alm 2. 11. A photochromc

article conpr‘flﬁ eNS-organic host material selected fromthe
group consi sting of 20 poI y(rret hyl nethacryl ate), poly(ethylene glycol

bi smet hacryl ate) ol hox 0. 5535113

t her nopl as%ll C pZ)I y(F:)ar %(()‘ri]gt e, A ?]%?OQM%PHEE %%é%]feegg yv?ﬁjylgbg)bllymfrlc
pol yur et hane @RgRIEst \hasts H@ﬁ:erlaﬁfeﬁﬁé9§t6¢ ¥R grhs I HodiRs @Pﬁﬁgtéf‘g of
di et hyl ene glyeo) (mexHy 18@@%5@1&@@%@&1 &xe cylgtdml ene gl ycol

di met hacryl at e, rongners,_ et hox ﬁt ed ﬁhenf n%tb }i/“r?éte nononers,
di i sopr openy | PHEINAE TGS s PRy (FRSXYTatRY PisRhs MYl ol propane
triacrylate W&r;&r&tea ,plmb&mbpmaistlc pehypemtbaiatieh e podgt(ivihogyr an

corrpound ? % Oef), %;ola/v:.narllbut ral(,: ? 0% %H%&g%&&&n%&% ggrrprl si ng

a pol yrrerl z am n_nonormer a ot ochrom ¢
anount of t henemprap e ihtogrosr conpdaringrof digtnmene §§Y°°l VO

98/ 32037 bls(allyl caﬁ$onﬁ$e) mﬁnBﬁIkysgaiéfﬁﬁﬁﬁnelglycol
-44- The ot ochrom art Q C é n
the refracti v%”f“ﬁ%(”@fla}tﬁe"% °ﬂ$§rsl'za?gh?§y#?t?ﬁ A8 %acr?’tl %ltabout
1.75. * monomers, diisopropenyl benzene monomers and ethoxylated

15 trimethylol propane triacrylate monomers and a photochromic

amount of the naphthopyran compound of claim 2.

11. A photochromlc article comprising a polymeric
organic host material selected from the group cons;stlng of

20 poly(methyl methacrylate), poly(e;hylene glycol
bismethacrylate), poly(ethoxylated bisphenol A
dimethacrylate), thermoplastic polycarbonate, poly(vinyl
acetate), polyvinylbutyral, polyurethane and polymers of
members of the group consisting of diethylene glycol '

25 bis(allyl carbonate). monomers, diethylene glycol
diﬁethacrylate monomers, ethoxylated phenol methacrylate
monomers, diisopropenyl benzene monomers and ethoxylated
trimethylol propane triacrylate monomers, and a photochromic
amount of the naphthopyran compound of claim 3.

30

12. A photochromic'article comprising a’
polymerizate of an optical organic resin monomer and a
photochromic amount of the indenonaphthopyran compound of
claim 1.
35



5 14. " The phot ochroﬁﬂ}; arttcte of clraim 13 wherein the

refractive index of the polynerizat, l : | lH ut 1.495 to about 1.66. -
15. A pho lL.c article conpri .siﬁ“li ﬂ“ “ i{ffti on, a '
N WAL il BRI 5 oun -

transpare ric organic host iermal s and a phot

of each of (a) at |east one indenonapht hopyran conpound of claim11, and
(b) "at | east “one ot her organic.photochrom c conpound having at |east
one activated absorption naxi na wi t hin4fhe range of between about 15
400 and 700 nanorneters. 16. __The .photochrom ¢,ariicle of
Claim 15 wherein the13|dol ;‘?#Sr P8°8?§%ﬁ?%1%0?{t1 eeﬂfglcrila‘%mngegﬁgﬁeWom

t he gr ouptbentefracivd jpuley Qferthle ppdymerizate ietfirom Ahondsh . 480

pol y(oxyal kyl egeagdbiiet Pagd yl ates), pol y(al koxyl ated phenol

met hacryl ates), cellul ose acetate, cellulose triacetate, - cel | ul ose
acetate propionate, cellul ose acetate butyrate, pol y(vi nyl acetate),

pol y(vi nyl sal cohol ), poly.vi nylThe phtitiozhirdmic apticle rof iclerien @3 ori de),
th | asti . ol , I hyl :
er mop! ast | Cwﬁér@?hé’?&% @J@agcéia.y gIJX‘n%% e%?hﬁgt%c?{éﬁ%{?i%%e RY ¥C&Ly! ene

terepht hal ate), po ﬁ%‘i €ene, a ne
copol y(styren@bRBENYt e rakaste ). - &6opol y( st yr ene- acrylonitrile),
pol yvi nyl butyral and pol yners of nenbers of the group consisting of

pol yol (al | yl carbonat e) noner s, .30 pol yfunctiopal acrylate ngnoners,
pol yf uncti onal methacr yllge AP ﬁ?g’r"g?’l'cd%?hﬂ“’en?’ﬁﬁ D% &t hacryl at e
nononers, 10 cembbingtidred Hisglhiendrahsgamenhapolyredel cronmyaeriss host -

di i sopropenyl ?gg £ ner. t ' rylat
nononer s, poll;‘ et%y?g‘he gi ;Hg(ﬂi}o%%ogﬁgt E—Qﬁﬁg a?fe.en%r%% B%Set%%o%%ﬁgg:ed
phenol net hacP)raipdenonaphtyorygragy Geppound of claim 1, and (b) at least
PCT/ US97/ 15438ne other organic photochromic compoundtthaving aHNRERLSone

al koxyl at ed pgk¥?¥9€é& ggéé%b'ié%”ﬁﬁﬁ?ﬂ% Q?@RQErEhe range of between about

15 400 and 700 nanometers.

16. The photochromic article of Claim 15 wherein
the polymeric organic host material is selected from the
group consisfing of poly(Cq1-Ci2 alkyl methacrylates), -

20 poly(oxyalkylene dimethacrylates), poly({alkoxylated phenol
methacrylates), Cellulose_acetate, cellulbse triacetate;
cellulose acetate propionate, cellulose acetate butyrate,

- poly(vinyl acéfate)}.poly(vinyl alcohol}), pdly(vihyl |
chloride), poly(vinylidene chloride), thermoplastic

25 polycarbonates, polyesters, polyurethanes, poly(ethylene
teéephthalate), polystyrene, poly(alpha methylstyrene),
copély(styrene-methylmethaérylate), copoly(styrene-
acrylonitrile), polyvinylbutyral and polymers of members of
the group consisting of polyol(allyl carbonate) monomers,

30 polyfuhctional acrylate honomers, polyfunctional methacrylate
ménomers,'diethylene glycol dimethacrylate monomers,
ethoxylated bisphenol A dimethacrylate monomers,
diisopropenyl benzene monomers, ethylene glycol
bismethacrylate monomers, poly(ethylene glycol)

35 bismethacrylate monomers, ethoxylated phenol methacrylate



and di'allylidene pentaerythritol nonomers, 17. The
photochrom c article of Claim16 wh u "m , ric organi c host

mat @rl al iwodsgsdard transparent Tum "ﬁ ﬁl’[ﬂ "BEOI y rerPEEUSEN 43X r om
the“group consisting of pol y( met Ayl “net hatryd at*e), pol y(et hyl ene gl ycol
bi s met hacryl ate), poly(ethoxyl ated bi sphenol A dinethacrylate),
thernopl asti c pol ycarbonate, poly(vinyl aecetdte), 10 polyvinylbutyral,

pol yur et hane and pol ynmers of nenbers of the group consi sting of

di et hyl ene gl yaehordnd ald WMoidEtedape)l yhydrihomheohel danyi@tenmogbpess

di mret hacryl ate ngncg:gar‘ileéhlldene &?E%&Eggeg ng%oﬂ@aépé:_ rylate nononers,

di i sopropenyl € nonofters an oxy ated trinethylol propane 15
triacryl ate nonomers. 18. The photochromc article of
claim 15 wherein t he 191,ganiHe @m&eehﬁ:eme SOEDOLE b DLdisn 96 ebiegdinr om
t he group consisting of na ht ho g enz:gp rans, 1 dot &
phenant hr opyr ahB8® RO YR HER A E‘%ﬁ pREREHY? % ollid transparen

spi ro(i ndol i nehbrogepyticen sor mgod@rneatobehe?ha@hftmpytmlsﬂroup consisting
| Sp'ro('nd0|'ne} u%ﬁgﬁgﬁaZI 1Sﬂyﬂﬂgﬁkg?gkbye)Baiﬁﬂétﬁy%ene glycol bis.

spi ro(indol i nejn Sspir i ndof i he 0 benzoxazi nes

spi ro( benzi ndOLhQﬁ&.&?ﬁ'ﬁ{@( ]@Qﬁa;rb‘bl&ht@(l oDy (VEdyl acethaigggxazi nes and

m xtures of such ochrom ¢ ou

phot ochroni!® aPP# %“)5'} ﬁ%ﬁ?ﬁ'lé’%@iha“e 2pA PP %%shroofrlnm(?mggﬁoﬁrf\dt% |
present in an gﬂauptc@:ﬁsismnﬁ@mbbmtwmﬁetglyc@l neds (aglarh parbonaged
centimeter of Qraapic. g | it heehad fy HH £ hddineligl 00 o ¢

subst ance(s) I's T ncorpor )
phot ochr oni ¢ aethekglated (Pfaﬁl?ﬁllgﬂmﬁ’ﬂratsg“?ﬁ‘é‘“%ﬁn i gapropeayd.

WO 98/ 32037 benzene monomers and ethoxylated trimet RIS WG pEné3 3
15 triacrylate monomers.

18. The photochromic arficle of claim 15 wherein
the organic photochromic compound (b) is selected from the
group consisting of naphthopyrans, benzopyrans,

20 phenanthropyrans, spiro(benzindoline)naphthopyrans,
spiro(indoline)behzopyréns, spiro (indoline)naphthopyrans,
spiro (indoline)quinopyrans, spiro(indoline)pyrans,
spiro (indoline)naphthoxazines, spiro(indoline)pyrido-
benzoxazines, spiro(benzindoline)pyridobenzoxazines,

25 spiro(benzindoline)naphthoxazines, spiro(indoline) -
benzoxazines and mixtures of such photochromic compounds.

19. The photocﬁromic article of Claim 18 wherein

the photochromic compound is present in an amount of from
‘30 about 0.05 to 1.0 milligram per square centimeter of organic
hosﬁ'material surface to which the photochromic suBstance(s)

is incorporatéd or applied.

20. The photochromic article of-Claim 19 wherein

35 the article is a lens.



- 46- 21. A phot ocMi sing, in

conbi nation, a polyneric¢ organic l‘@ﬂ, I ected from t he group
consi sting of poly(nethyl net hacr 2t hyl ene

bi snet hac%%ﬁ'@?,ypol y(et hoxyl at ed-*5 lgl sp rret hacr y%@ 97115433

t her nopl asti c pol ycarbonat e, pol y(vi nyl acet at e) pol yvi nyl but yraI

pol yur et hane and. pol ymers of nenbers of,{he group consisting of

di et hyl ene glycol bis(allyl carbonate) Hroners, di et hyl ene gl ycol

di nret hacryl at e nononer.s,,., et hgx d. phenaql cr nopQNer s

di i sopropenyl benzene m%?ibrre s¥’§°%%°{’%oxyf:a?g§£é?e t%“%égﬁ%'?)gl' ggopane
triacryl ate nevrigaticand aapphymeshiconrganic almmmreaéhssie(:ugadafrmeast-
one i ndenonapydi @ﬂconsagmagndf%oiym@yl mr{a@ry%tgseast one ot her

organic phot.ochrQm_c conpoun vin | east. one _.aCtivate
absor pti on mBehelstnyiene § YF&Frg?’-ﬂ‘egE?ﬁRé}P%ﬁ?dutp°Mde&Hﬂxyla‘?Bﬁ

nanomet ers§ bisphenol A dimeZRacfyph6epshtheimopldstalee podypakrbbigte) N

nbi nat i £ '
Cone! 02! e P EPHTSH, SRR : BTl TR bl al oL BT LR g0 phie 07 OvP
bi smet hacry| aabymens \Wlewisokprat of - thebqspmrmnsasmm e&cHjpthg)ene :
t her nopl ast | cgnf&aac%tsqratlw carBeh¥t¥) NMbneret ! @meﬁmﬂmﬁenywawr al

pol yur et hane rrers of nmenbers, of the onsi stin

di et hyl ene 25&31‘ P°E‘SF50nSFB?xmfo‘?Fgrp§‘ (ie ?‘@ﬁﬁ%?‘&%ol

di et hacr y0 atrmorimmr sin.ebbﬁmpbaye:dbpheeﬂé e dnssadsy lamide ethoxpmaueds

di i sopropenyly a t | hyl .
triacrylate no%'oner g)%gﬁ QQH_SEE?{XL& rggnonﬁ:t%f Iggltgc 1‘1 a) at Teast

one mdenonap?ﬂ‘?‘rﬁﬁyr(a‘-n ewhceﬁrpéahdam lepaknene inenomaPRthPRYEAN Orie of her

or gani ¢ p““mmdf caEpauRy hawi (B) st | Pasdt @R athevabedanic
ﬁgﬁg;g%g?g naﬁhgg%é%romf% %%%pggggethlggtggefgaggnghé4%%t§ggted 700
15 absorption maxima within the range of between about 400 and

700 nanometers.

22. A photochromic article comprising, in

conbination, a polymeric organic host material selected from

20 the group consisting of poly(methyl methacrylate),
poly{ethylene glycol bismethacrylate), poly(ethoxylated
bispheﬁol A dimethacrylate), thermoplastic polycarbonate,
poly(viﬁyl aéetate),'polyvinylbutyral, polyurethane and
polymeré of members of the group consisting of diethylene

25 glycol bis(allyl carbonate) monomers, diethylene glycol
dinmethacrylate monomers, ethoxylated phenol methacrylate
mpnomérs, diiéopropenyl benzene monomers and ethoxylated
trimethylol propane triacrylate monomers, and a photochromic
amount of each of (a) at least one indenonaphthopyran

30 compound of claim 3, and (b) at least one other organic
photochromic compound having at least one activated
absorption maxima within the rahge of between about 400 and
700 nanometefs. .



