<

WD 96/ 14596 _ PCT/ US95/ 14323

-1- NOVEL PHOTOCHROM C | NDENO- FUSED NAPHTHOPYRANS

Cioss Ref avewe/e4s96 Rel at ed Applications Thi s pid: gﬁkggn i's
a continuation-in-part of application Serial No. 08/333, 701, ?

Novenber 3, 1994. 5 DESCRI PTI ON OF THE | NVENTI ON

The present invention relates to certain novel napht hopyran conpounds.
More particularly, this invention rel ales to novel photochromc

i ndeno-fused napht hopyran 10 conpounds and to conpositions and articles
cont ai ni ng such NG¢HELN 2ROTHCEYOMIT mnonﬁusgﬂ/\bmﬂexomgo l'i ght

radi ati on cont ai ni ng uItraV|-Iet as, the uItraV|oIet radi ation
in sunlight or the |ight ) : c conpounds
exhibit a reversible changeappltméﬁmbn mhea cbnxihiathbnayne¢aﬂt refdi ation is
di scont i nued, gyeh. & NS0T ORLE 0a/3ATHRYNelidd NGRHELE 'S Isba0r | 01 nal
col or or coI%P Pete% ) ous cl asses of pho ochron1c
conpounds Shave been synt hesi zed and suggested for use in applications in
which a sunl i ght-induced rRHRTpR . G5 darkening is 20
desired. U. S. Patent 3,567, 60 Becker) descr] bes a series, of pyr an
derivatives, includi ngT8€r PRPFERe ARNRACARE BelAtes o RERERIA Aevel These

conmpounds ar ﬁaﬁﬁ@l@épﬁ%d: @amgeﬁnagtlme aQﬁlélﬁlIﬁI@{l’]etﬁls Divertdper ted to
undergo a colo om.col.or.| ess tggyellg orange, on

i rradi ation B?E?ﬂ"‘?? a‘%? 61°é'Fq gh?F%‘Fﬂr‘?i‘P‘ct ARREPRTIHaRs Bap -30[err]C
| rradi atilon obmpdends axcimoundspositionssiabeattifitesoconpaining sueh t he

t t t ti
oTRer AT oppeeD Biithaivath Sebdldad ) WABR LesR FEEIGE: Ruaighat! On
various 3, 3- GPBF?inqu)qurﬁxpﬁ%ﬁ6[QPYFJﬂSﬁFbahé %hﬁIﬂéﬁrﬁgleﬁﬁﬁrﬁﬂﬂ¥9t1°n
photochrom Cin sRAPRAH '&Sthé ﬁlgn@lm aCﬁ\EQE:&PWlénb apdnosieictnemiade,

for opht hal m ¢ and ot her plica 1&* dj scl sed by way . of
conparati ve 6953%?%9?r?ﬁh%?1t8 8r?%ﬁ¥§#$ & Pﬂ%ﬁl%ﬂ) PE- 2, When the :
di aryl - 2Hsnapht bavilcethradiation We clistontifped ) ethdho ar pﬁutdic&lﬂﬁuc
unaccept abl ycl)t?lﬂguf.?g qu_q.s r%];:u:[*:ll'ln?o :B:Sf %%%g%fagfrco %[rl \é(%‘t co'.porless state.

Various classes of photochromic compounds have been

synthesized and suggested for use in applications in which a
sunlight-induced reversible color change or darkening is
20 desired. U.S. Patent 3,567,605 (Becker) describes a series of
pyran derivatives, including certain benzopyrans and
naphthopyrans. These compounds are described as.derivatives
of chromene and are reported to undergo a color change, e.g.,
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
coloriess 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 disclosed by way of
comparative example in the 818 patent are the isomeric 2,2-.
diaryl-2H-naphtho[l,2-blpyrans, which are reported to require
35 unacceptably long periods of time to fade after activation.
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-2- U S. Patent 3,627,690 descri bes photochron1c 2,2-di -
subst i ywitegHastigt napht ho[ 1, 2- b] pyran conposi ti ons cont ai ni dsn ~.anpunts
e ag tron :

of either a base or weak-to-nopderate strength acid. T

of

either an acid or base to the 5 naphthopyran conposition is reported to
I ncrease the fade rate of the col ored naphthopyrans, thereby neking them

useful in eye protection applicati®s such as sungl asses.
reported therein further that the fade rate of 2H naphtho--

It is
[1, 2- b]pyrans

wi thout the aforemiﬁtsl OﬁﬁéeﬁédjIszfﬁfssfoalaﬁaéribéénﬂ&t%‘ﬁébﬁkchﬁ)U’iSd;.t0 many

days to reach, co

Pat ent 4,818, 096 d| scl oses

ers
pur pl e/ bFHBsEb?"brrr?%&}b g&ﬂf’é?‘n %’b Py[f‘@l‘?z&°m8?sh%\’;ﬂﬂsr1(?ﬁ§‘l"3ﬁ§1?|%V| ng at the
posi t i onmahphaaheuritdee of efX4gena diaé&@rpyeak-tongo@enﬂmnytrgngw havi ng a

ni trogen conhg rgcﬂﬂa QSEkt%eﬁe:} tg% g?q?asc? R %thSItIOI’lS 15

The pres?ﬁ T nvent i on el at es nover

napht hopyr an

conpodndsaphvhopyrars wespesdtidn ois mﬂgmedt gpemcreasnad@he gaderattehe 2, 1
posi ti ongeOfpuhid dfb:ﬂdenfa#ﬁﬁﬁoé%w. thelrebydfa ﬁin%%e‘i’:?&@&?mpﬂi“on of the

napht hopyran, certail stituents at

posi tion of the pyran

ring. Theye Ewme@pﬁaﬁtmrﬁé&%e@%@s##ma & d8nonstrate a
bat hochr egpereéd findr@int karvare! et tHen thhe w¥asd Kie zspaaghﬂm- at whi ch

th bsor pt th tivated (col th
phot ochr G & BORPRA vienght RS s4henney; adascived Fapees Feambp,

r esul 10i ngeverarthmatsed:ocmhnysdamgzmgéac@méﬁpbeﬁg&vtemshbne/ was. In

o of apaLBRECL (A8 00N Baee plRIRITAGL oL B ALY 1LY €

wi t hout beBazo- wmaphmowraesdbawn9)@§e§heaph$chtallmaeuo|tmeensu ty, and

a hi gl GQLRT ¥ it b@%ﬁn #9ng a phenyl grou - RERIAld- BPnPERGERL

ochrom ¢ plastic materials,

| NVENTI ON In recent years

L TION OF THE

ho
parti cul §PPyaHRiRg iUBSkiEPPRE in o'?h%rﬁrt@é’l OXPATE RASFHEONRave  beerf t he
subj erst of consi dermie! prasénttimvrendivnpaelates ato ndvephetibstitited

0Bt hal MhgoRLAShGl DFEBIACHATEIL [ (RALLIBLE or RRSAHEE Bledde Vel o

advant age <P Vi's

indeno group, the 2,1 posxtlons of which are fused to the

f side of the naphtho portion of the naphthopyran, and certain

30

35

substituents at the 3-position of the pyran ring. These
compounds have unexpectedly been found to demonstrate a
bathochromic shift 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 blue/gray. In addition, these compounds have
demonstrated a high molar absorptivity (or molar extinction
coefficient) in the UV, an acceptable fade rate without the
addition of acids or bases, a high activated intensity, and a

high coloration rate.

" DETAILED DESCRIPTION OF THE INVENTION

In recent years, photochromic plastic materials,
particularly plastic materials for optical épplications, have
been the subject of considerable attention. In particular,
photochromic ophthalmic plastic lenses have been investigated

because of the weight advantage they offer, ﬁis-a—vis, glass
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- 3- | enses. Moreover, photochrom c transparencies for vehicles, such
as cars aWO8/143Panes, have been of interest because of POT/USHY/BI323 al
safety features that such transparencies offer. I n accordance
with the present invention, it has now 5 been discovered that certain novel
I ndeno[ 2, 1-f] napht ho[ 1, 2- b] pyrans having activated colors ranging from
orange to bl ue/ gray, an acceptable fade rate, high activated intensity
and a high coloration rate may be prepared. These conpounds - may be
descri bed aslepgesfio MPFEQVEX, @thMSp?FWWHQSI@EeY%%q;eS'

substit uent sg@tntde c%rraoahal Qﬂzﬂadé%e nwranbéémgaf 1nt@2é§ﬁ|1§bé‘d&%&t bEuent s
may al so be resent at, nunbe 11, 12

carbon at ons B‘F R oﬁﬁﬁ%“y £3W§§ EBﬂ’bo‘ﬂfﬁé B@W%‘b’rﬁ@%ﬁ?ﬁ by the.

follow ng graphic f ahnmateordands Mthhehé@resremtamhemgdm,n irepasseo t he
sides 15 qQf n a n rep

o1 des 158" b NARDIRARGEADHLL N AR bl MGIOT ! SPERREIMeYS, 2

I n graphic fblpmt@s JhaRfiogr ]acamm m}oregmmnq Fromaprange)nt® gr oup, a
spiro-heter Osmé)%ugr Oup QQE% 5!5119 FadeX¥ded, hidH APRioRfed ifthsiribon

at ons |nclud|ng i rocar bon atom
a hlgh coloration rate may be prepared. These compounds

20

may be described as indeno fused [1,2-b] naphthopyrans having

10 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 compounds may be represented by the following graphic
formula in which the letters a through n represent the sides

15 of the naphthopyran rings, and the numbers represent the

numbers of the ring atoms of the naphthopyran:

In graphic formula I, R, and Rp; may together form an
oxo group, a spiro-heterocyclic group containing 2 oxygen
atoms and 3 to 6 carbon atoms including the spirocarbon atom,

25 which may be represented by the expression (-0-(Cy-Cg



25 which may be represented by the expression (-O(C2-CJerr] WO
96/ 14596 PCT/ US95/ 14323
- 4- WOH6/24%96di y| )-O- ), e.g., spiro-1,3-dioxol ane-2, spPCDUSIA4323

di oxane-2, etc. or R err] and R2 may each be hydrogen, hydroxy,
Cerr]-C6 al kyl, C3-C7 cycloal kyl, allyl, phenyl, nono-substituted
phenyl , benzyl, nono-substituted benzyl4 chloro, fluoro, the 5 group
-C(OW wherein Wis hydroxy, C[err] C5™al kyl, derr]-C6 al koxy,

PRen | TORBREA thed, PUEDM o0, 2 TRIBKSL Bl Ll ar no
am no, etcdioxEneR2er ekcandr RQl rm;d e?@chaipeeadrie jo1-% dwﬂ;rogéii%[ arydroxyher ei n

| kyl h | kyl
10 substi CUTe TRy Er b7 reaeie SiERh: ey CRPAT R EISHER Ut ed
phenyl ( %ﬁény@) Ekleh:tkll Chétid  subfs tiltht s ( ﬁnff&) a|dmbro$33fﬁ70ro, the '
cycl oal kyl, m)no err]-C4)al kyl substituted C3-C7_cycl oal

Jerr]-&6 SHPER o QY. EP%F?}I‘C‘,'B ¥ byAsaKKy| C1-fla ¢rkyl hec:g'relmﬁlk°xy :

- CH(R6) X, ¥het@i N o f Ogeds [ 1 imi Al (200X 4 5 CF3,
or COOR7, ‘and }?RJ?' |n{sg§ir?y§‘rlgggn or er?%qCS tg kyI, or ( C%i ]%'sﬁltyméng

group, C(@)\dl (theCei) PrllFYlsmh}Qi:r ®yen, dérerhyl @m%yWEth rrgoped
o oepi L L L R0 O RS B ope GpRHEEn PP
phenoxy, nR&oks ol -dig- @Tkel s ]plw)xdl (Ia;x¢3$ablsy1.t utcm@(cl-cs) a1ky1 |

10 substituted phenyl (Cq-C3)alkyl, mono(C;-Cg)alkoxy substituted '
phenyl (C;-C3)alkyl, C;-Cg alkoxy (Cy-C4)alkyl, C3-Cy
cycloalkyl, mono{Cj-C4)alkyl substituted C3-C; cycloalkyl,
C3-Cg chloroalkyl, C3-Cg fluoroalkyl, allyl, the group,
-CH(Rg)X, wherein Rg is hydrogen or C;-C3 alkyl and X is CN,

15 CF3, or COORy, and R is hydrogen or C;-C3 alkyl, or Rg is the
group, -C(0)Y, wherein Y is hydrogen, C;-Cg alkyl, C;-Cg
alkoxy, the unsubstituted, mono- or di-substituted aryl
groups, phenyl or naphthyl, phenoxy, mono- or di-(C;-Cglalkyl
substituted phenoxy, mono- or di-(C;-Cg)alkoxy substituted

20 phenoxy, amino, mono(Cj-Cg)alkylamino, di(Cyp-Cg)alkylamino,
phenylamino, mono- or di-(C;-Cg)alkyl substituted phenylamino,
or mono- or di-(Cj-Cg)alkoxXy substituted phenylamino, each of
the aforedescribed phenyl, bénzyl and aryl group substituents
being C;-Cg alkyl or C;-Cg alkoxy.

25 More preferably, R, and R, are each selected from
the group consisting of hydrogen, hydroxy, C1-C4 alkyl, C3-Cg
cycloalkyl, chloro, fluorc and the group, -ORg, wherein Rg is
C1-C3 alkyl, phenyl(C;-Cy)alkyl, mono(C;-C3)alkyl substituted
phenyl (C1-C3)alkyl, mono(C;-C3)alkoxy substituted

30 phenyl(C;-C3)alkyl, C1-C3 alkoxy(Cp-Cg)alkyl, Cp-Cy
chloroalkyl, C;-C3 fluoroalkyl, the group, -CH(Rg)X, wherein
Rg is hydrogen or €;-C, alkyl and X is CN or COOR7, Ry being -
hydrogen or C;-Cy alkyl, or Rg is the group, -C(O)Y, wherein Y



20 phenoxy, am no, nono(C[err]-Cferr])al kyl am no,

di(Cerr]-Cerr])al kyl am no, phenyl am no, nono- or di- ((err]-C6)alkyl
subst i t ut eWoPaaasssam no, or nono- or di-(C[err]-C6)al kaporsseakisut ed
phenyl am no, each of t he af oredescri bed phenyl, benzyl and aryl group
substituents being Cferr]-C6 alkyl or Cferr]-C6 al koxy. 25

More preferably, R err] and R err] are each sel ected from " the group
consi sting of hydrogen, hydroxy, g err] Cfal kyl, C3-C6 cycl oal kyl ,

chl oro, fluorp t he r in Re err]-C3

al kyl , phenyl X% %Ff’g&’ig Jf(y(f3 aﬁg ér&h ad%%ﬁ(ky#)ﬁ%%t F‘FBP‘éﬁyq il
phenyl ([ err ]mcfﬁﬂ-&hb}étztﬁﬂé’@(ﬂyﬁl’ lg]:-oGBé al ﬂmmyls obshaprimgd, pRenoxy,
phenyl (C err]-C3)al kyl_, er C3 al koxy(C2- C[err])al kyl, Cferr]-C3

chl or oal kyl , wgnst Prcdis f T%aalrarwl EHBSHiRed PRRGXY X MoRRer 8F Ai-.  Re s

hydrogen or rid) &2 7 Keed Hhbix;OnidA I8yl amindlydr ogen or
Cerr]-C2 al Sy(ﬁ 37 ngrdrf élf}?lﬁrfetgro% -’8{3883 O(BZ @'9 V2 ’y

06/ 14596 5 phenylamlno, mono- or di-(Cy-~ C3)alky1’substhugﬁdugggmﬁlﬁg;;o,
i's hydrogen, Y ﬂg_gt] t
rmno substi tu‘%eg‘[ arylcggf%ﬁptscl %enyrg;& napﬁf&%%]@ghp% tamiho, ér%cr?o-c’for
-(derr]- C@ailkk)alryiugscmp s tilteroks bmg)clet:3 Oalkyl o(GCQFej - C3) al koxy
substltut ed p 5 ni_ng, nono- or
(Clerr]- Cff}rﬁgf sgg %ﬁe{edjaﬁig‘\% "'ionl{12 arSrg?r%elhé‘y Fegen,

-(derr]- C&);aiﬂcaoyy eybsj i d41Kyad oahengrlgfmrpn,, -oagh wiereinsRidigrgy-ayr oup
substltuen s bei g Cerr]-C3 alkyl or Jerr]-(err] al koxy. Mbst
preferabl); FﬁJE}?Y and R2 are each hydrogen, hydroxy, C[err]-C4 al kyl or

the group, -Rerr], mh&rel 4eag]grapﬁiéafung§a]§)may each be C;-Cg
alkyl, C;-Cg alkoxy, chloro or fluoro; m and n are each the
integers 0, 1, or 2; R3 may be located at the number 10 and/or .
number 11 ring atoms of the naéhthopyran; and R, may be
15 located at the number 6 and/or number 7 ring atoms. When m
and n are 2, the Ry (and R4) substituents may be the same or
different. More preferably, Rz and Ry are each C1-Cj alkyl,
C1-C3 alkoxy, or flubro; m and n are each the integers 0 or 1;.
Ry is located at the number 11 ring atom; and R4 is located at
20 the number 6 ring atom. Most preferably, Ry and R4 are each
C1~-C3 alkyl or Cl-c3 alkoxy, and m and n afe each the integers
0 or 1. |
B and B' in graphic formula I may each be selected
from the group consisting of: (i) the unsubstituted, mono-,
25 di-, and tri-substituted aryl groups, phenyl and naphthyl;
(ii) the unsubstituted, mono- and di-substituted aromatic
‘heterocyclic groups pyridyl, furanyl, benzofuran-2-yl,
benzofutan¥5-yl, thienyl, benzothien-2-yl, benzothien-3-y1l,
each of said aryl and aromatic heterocyclic substituents in .
30 parts (i) and (ii) being selected from the group consisting of
hydroxy, amino, mono(Cy-Cg)alkylamino, di(C3-Cg)alkylamino,
piperidino, morpholino, pyrryl, C;-Cg alkyl, C1-Cg
chloroaikyl, Cq1-Cg fluorcalkyl, Cq1-Cg alkoxy,
mono (C1-Cg)alkoxy (C1-C4)alkyl, acryloxy, methacryloxy, chloro



R3 and R4 in graphic fornmula | may each be (Jerr]-C6 al kyl, Cerr]-Cé6

al koxy, chloro or fluoro; mand n are each the integers 0, 1, or 2; R3
may be womstiasbéat the nunber 10 and/ or nunber 11 ri ng 959{43Jshe
napht hopyran; and R4 may be 15 |ocated at the nunber nunber

ring atons. Wien m and n are 2, the R3 (and R4) substltuents may be t he
sane or different. More preferably, R3 and R4 are each Cl-C3 al kyl,
Cl-C3 al koxy, or fluoro; mand n are edch the integers 0 or 1; R3 is

| ocated at the nunmber 11 ring atom and R4 is |ocated at 20 the nunber 6
ring at omanibsiupief eriad)y thB3gestpfirepreseatha by WY rf]oﬁéwﬁhgyl or
Cerr]-C3 _al koxy, .and mand n are each the-integers 0 or 1.

B and B ?ﬁaﬁﬁé%h$ WSl a | may each be sel ected fron1the group
consisting of: (i) the unsubstituted,; nono-, 25 di-, and tri-substituted
aryl groups, phenyl gnd naphthyl; (i) the uns bstltuted nmono- and

di -substituted aromati furanyl

benzof uran- 2-yl , ¢ uraps3-yl, thien uenzothlen 2-yl,
benzot hi en-3-yl, sai Riaryl and aggpeEn C rocyclic
substituents in 30 pa(Rgm(l) and (ii) bei ngRgp IectEU f 't t he group

consi sting of hydr oxy, R no, nono( ([ err] - Coygikyl am no, .
di(C[e%r]-CB)aIkyIanino, pi peri di no, norpholino, pyrryl, Clerr]-C6

al kyl, "Clerr]-C6 chloroal kyl, C[err]-C6 fluoroal kyl, C[err]-C6 al koxy,
nmono(Cf err]-C6) al koxy(( err]-C4)al kyl, acryl oxy, . nethacryl oxy, chloro

WO 96/ 14596 PCT/ US95/ 14323

- 6- and fluoro; (iii) the groups represented by the foll ow ng -‘.

~graphi c fwhfnete:A may be chrben or oxygen and D may be oxygen or
substituted nitrogen, provided that when D is substituted
10 nitrogen, A is carbon, said nitrogen substituents'being
selected from the group consistiné of hydrbgen, Cq- cé alkyl,
and C,-Cg acyl; each Rg is C1-Cg alkyl C1 Ce¢ alkoxy, hydroxy,'
chloro or fluoro; Rg and Rjq are each hydrogen or C;-Cg alkyl;
and p is the integer 0, 1, or 2; (iv) C1-Ce¢ alkyl, C1-Cg
15 chloroalkyl, C1-Cg fluoroalkyl Cq- cs'alkoxy(cl -C4)alkyl,
C3-Cg cycloalkyl, mono(C1 Cg) alkoxy(c3 cs)cycloalkyl
mono (Cq - cs)alkyl(c3 Cg) cycloalkyl, chloro(c3 Cg) cycloalkyl,
and fluoro(C3-Cg)cycloalkyl; and (v) the group represented by.
the following graphic formula: |
H
Se=c{
X Z
20 IIC

wherein X in graphic formula IIC may be hydrogen or C;-C; alkyl
and Z in graphic formula IIC may be selected from the
unsubstituted, mono-, and di-substituted members of the group
25 consisting of naphthyl, phenyl, furanyl, and thienyl, each of
said group substituents in this part (v) being C;-C4 alkyl,
C1-C4 algoxy, fluoro, or chloro; or (vi) B and B' taken
together form fluoren-9-ylidene, mono-, or di-substituted
f1uoren-9-ylidehe or form a member selected frem the group

30 consisting of saturated C3-Cj;5 spiro-monocyclic hydrocarbon

-



wherein A may be carbon or oxygen and D may be oxygen or substituted
nitrogen, provided that when D is substituted 10 nitrogen, A is carbon,

sai d nitrG¥WeR6/E4mmeEt i t uents bei ng sel ected fromthe grouppeanNosiing of
hydrogen, Cerr]-Cerr] alkyl,- and C2-C6 acyl; each R8 is (err]-Cerr]
al kyl, (err]-Cerr] al koxy, hydroxy, chloro or fluoro; Rlerr] and

Rl err] are each hydrogen or (Jerr]-(err] alkyl; and p is the integer O,
1, or 2;: (iv) Cerr]-C6 alkyl, (Jerr]-C6-15 chl or oal kyl, C[err]-C6
fluoroal kyl, Cerr]-Clerr] al koxy(C[err] C4) al kyl CB-CG cycl oal kyl ,
nmono( ([ err] - €ingsl leaxy( CayEbdpyapydidldeple, cyclobutylidene, -

d
1 lor of Ca- CoyRgRTRRIrastsy £y SRRty s8s8; Il HRBENFLIAY L ¢ owi ng
graphi c for nayelooctylidene]} cyclonamwdiidexei ncygrlqsecylidereil a 11 C may be
hydrogen or S}@iédn&f’cthh&he, cfé%d%ae@yg&a&héc da@urtaq | ¢ oy spersel ect ed

fromthe unsubsti tated, nono-, -substi t uyt ed rrenber s of, the group
25 consi sPi nﬁlﬁYC:\’F‘pr’(YﬁfF’caﬁh%y’Fm%r&nﬁl » Bieyelqigngr 11 Repgylddene, g5 g
group substifuen} sndxboriyiinené, (v,)7 beltﬁrgm@[:nyx] 4 al kyl, Cerr]-Cc4

al koxy, fluoyrp hloro. or (vi) B and B' tak t oget her form
f1 uoren-9-vyl {"ﬁdé’ﬁ(gff f?vﬁo-l?hSPE}ﬁ%{% %ﬂfgt it Gt ed°OTH %1‘198F‘8n 9-ylidene or forma
menber sel ecbicydYomid.2ha] geoppidéne,okdicytilafd of . IJaonent 2ty i3leBesr r |

ISDpCIT; (l)JSgg/niéCl)?: %éfciyﬂr QC3;0R8Becane, andls28(14099 C-C12 §p1ro tr:.cxcl:,.ce -

cycl opr opfl i Bedeccankanopings; der, tricyelepen 4 |°éeﬁéepéyk4myl i dene,
cycl.oheptyl i éﬁﬂ@yclo[3C>achOQé't’yaégﬁmer@ychoaonyédﬁw 1896 demd i dene
cycl oundecyl | dene., Spec! OdOdgG¥d0 ec e1:|.dsat ur g;gﬁi o % gguoren 9-

tricyc¢lo[5.3 ene, sai

vlidene substituents being selected from the group consisting
of C1-C4 alkyl, Cq1-C4 alko#y, fluoro and chloro. :

15 More preferably, B and B' are each selected from the
group consisting of: (i) phenyl, mono-substituted phenyl, and
di-substituted phenyl, preferably substituted in the meta
and/or para positions; (ii)_the unsubstituted, mono- and di-
substituted aromatic heterocyclic groups furanyl, benzofuran-

20 2-yl, thienyl, and benzothien-2-yl, each of said phenyl and
aromatic heterocyclic substituents being selected from the
group consisting of hydroxy, amino, mono(Cl-C3)alkylamino;
di(Cq1-C3)alkylamino, piperidino, morpholino, pyrryl, C;1-C3
alkyl, C,-C3 chloroalkyl, C;-C3 fluorocalkyl, C;1-C3 alkoxy,

25 mono(C1-C3)alkoxy(Ci-C3)alkyl, fluorc and chloro; (iii) the
groups represented by the graphic formulae IIA and 1IB,
wherein A is carbon and D is oxygen, Rg is C3-C3 alkyl or
C;1-C3 alkoxy, Rg and Rjg are each hydrogen or C;-C4 alkyl; and
P is the integer 0 or 1; (iv) C;-C4 alkyl; and (v) the group

30 represented by the graphic formula IIC wherein X is hydrogen
or methyl and 2 is phenyl or mono-substituted phenyl, said
phenyl substituent being selected from the group consisting of
C1-C3 alkyl, C;-C3 alkoxy, and fluoro; or (vi) B and B' taken
together form fluoren-9-ylidene, mono-substituted fluoren-9-

35 ylidene or a member selected from the group consisting of

'saturated C3-Cg spiro-monocyclic hydrocarbon rings, saturated



5 bicyclic hydrocarbon rings, e.g., bicyclo[2. 2.1] heptylidene, i.e.,
nor bornylidene, 1,7,7-trinethyl bi cycl o[ 2. 2. 1] heptyl i dene, i.e.,

bor nyl wieae14596 bi cycl o[ 3. 2. 1) octyl i dene, bicycl o[ 3. 3. 1] nighgse8ny3da dene,
bi cycl o[ 4. 3. 2) undecane, and saturated C7-C[err] spiro-tricyclic 10

hydr ocarbon rings, e.g., tricyclo[2.2.1.0[err]] heptylidene,

tricyclo[3.3.1.13[err]]decylidene, i.e., adanantylidene, and
tricyclo[5.3.1.1.[err]] dodecyl i dene, e&cth of said fluoren-9- yl i dene
substituents being selected fromthe group consisting of Jerr]-C4

al kyl, C[@{-rdm%pak&ehycyélwrrgrd&adathbmrmng]sﬁ and saturatedVigiecypef erably,
B and B' ar.e e

ch selected fro sistin phenyl
nmono- _subs’?‘?’ﬁﬁ‘ 15%8{‘&? RYSre calrh P- su%ggi e&(:j%gﬁgﬁy?'gﬁolf@fdf&’f)ol
substi t utsstbstritiestnbeing seledted fzom msugrromps cofisisting q;ths:ubcgl t ut ed,
nono- and, subs d At h clic groups furan
benzofuraﬁgégﬁ El & gﬁk&ﬁg f& g bgﬁgda%ﬁg§9¥ yl, gachpof saldyphenyl and-
aromat? c het erocycl M@S%mﬁetr@@ﬁﬁ’s BerRdy B'elaxe: eachrepiedted frgmothpe
go?sél[ stI] Neip :&Eellrseéumgrammgmaﬁﬂ Gsaxﬁéfxazﬁrrumosubsncuted ] . :

[ err a am mor phol i ng r err

al kyl , @?’% 1@3%&?’!?OFB%”HLS)Sé[Ié'PFFngn&T%Om E@y “'%‘i"e’rtr%[ te&3” al koxy, 25
m)no(Cl (Eﬁdmyh@tefbéy@)}calg&plupsf Fupamylhnbenlzb6upan{2+yl), t he . glr3 oups .
represent r | c .f.or nd. | r ¢carbon an
b P oy oottt S BERLEA Y- 93, | pAGEGE ot gneDF Al sdchia 681
R[errPOeuhﬁ&§§§¢Yh9dcognbstwtugpns4banngISekﬁﬂted fpomstheegiawpeger 0 or 1;
(19) S Ceutlgorlinga88 bydeditp, @063 SsEPIEGSRY! by ! 105D UG | or a

I1C wherein Xis drogen or npno-substi tuted

phenyl , s#tpro: ﬁﬁ@nﬂléhb%rﬁ {SFONP SEPH‘EF%%PMSFT‘%‘E Hegdap consi sting
of d ersd,- G&e&bKMIA {4 ededbdnd anikpxys e, UREOis Oty {04 k1ByandrB' taken

t oget her for oren nono t ut ed fI oren 5 I|dene or

a nember é’e?gc ?‘?’Orﬂ?? haé“g%g@paﬁng?g qﬁﬁir&ge °Farir @3"@53 (%

spi roﬁmrmc:;scltﬂne hntegenrbemr i;ngy, ($ul UB &g B' taken WrdE/hed586rm

PCT/ US95/ rger danfan®lhk érq, MGhkbfe Nydrocarbon rings, and
LRy o v igeid TaqamtyIL iof | Bohsp ke,

saturate spiro-tricycl rocarbon rings, said
f | uor en- RoPhRaFayd idengy % |h%§%ﬁ¢t1°5ér?lgllsféqr@é'{'@dﬂiéﬂﬁl?he group consi sting

of Jerr]-C3 al k&b?msf hrepgedbkexy by ?@bﬁlénfbﬁmrﬂ @ having

Most pref el'lx’ abll%stn.t:uent:é3 R3a,r %4(—:,'a%f'1 sel eCt e desrc%nl:eg hereinbefore,

20 may be prepared by the following Reactions A through E.
Methods for the preparation of compounds represented by
graphic formula I including the substituents R; and Ry,
described hereinbefore, are included in Reactions D and E.
Compounds represented by graphic formula V, VA, or VB are

25 either purchased or prepared by Friedel-Crafts methods shown
in Reaction A using an appropriately substituted or
unsubstituted benzoyl chloride of graphic formula IV with a
commeréially available substituted or unsubstituted benzene

» compound of graphic formula III. See the publication Frigedel-

30 Crafts and Related Reactions, George A. Olah, Interécience
Publishers, 1964, Vol. 3, Chapter XXXI-(Arométic Ketone
Synthesis), and "Regioselective Friedel-Crafts Acylation of
1,2,3,4-Tetrahydroquinoline and Related Nitrogen Heterocycles:
Effect on NH Protective Groups and Ring Size" by Ishihara,

35 Yugi et al, J. Chem. Soc., Perkin Trans. 1, pages 3401 to
3406, 1992. |



group consisting of (i) phenyl, nono- and di-substituted phenyl, (ii)

t he unsubstituted, nono- and di-substituted aromati c heterocyclic groups
furanyl, WO1488an- 2-yl , t hi enyl, and benzot hi en-2-yl, @®eTUs9$/14323d
phenyl and aromatic 10 heterocyclic substituents being selected fromthe

gr oup consi sting of hydroxy, Cl-C3 alkyl, C(err]-C3 al koxy, fluoro and
chloro; and (iii) the group represented b}/9 graphlc formul a 1A wherein
A is carbon and D is oxygen, Rerr] is derr]-C3 alkyl or Cerr]-C3

al koxy, R err] and R err] are each hydrogen or Cl1-C3 alkyl, and 15 p is the
integer 0 or 1; or (iv)IrBReagtBontAkerhe RQMPRURAs grepresentedrisn-araphidene,

adamant yl i deng, 358 y![tfle&?d Iv aer BOEEY1+&lEne aOkolvent, such as carbon
bi cycl o[ 3. 3. 1] nonan-9-yl i dene. Conpounds represented by

graphi ¢ f or mfisulfide; ay methjene sELPFiden énﬂsremte% in, fHepPresaiGe i bed
rl\l/grﬁi gbe; or E,OhfZQ mayubea@i&,paa;zﬁd; CY &i]?'ni:ﬁird @mag;&ea&t itaRs A tE_rou]gh E. |

t hods for the aration of_co unds_represent ed aphic fornul a
| i ncl udi n% ’%‘fg@f’ﬁ‘ 2nt® BP rrgg ?orre%é:???fl%eﬂ"xf%ﬁ& ﬁg Bfore, are
i ncl uded i n Resxzophesobe arepresente@ohpograihice foeseld ol (VA dnaRpdrar ifoar nul a
V, VA or VBarg 23 gktﬁgé t{:)iu.:;nclz,_z}sed ogmprr@,pqregg 9%(nf{#°%§%19 afts net hods
shown in Reaction using an appropri atel % t
unsubst i t ut ecsukatisyenta| o#ﬁ dtessri Péph?teifmlra yvithinespgct teomercial |y
avai | abl e subgtdgrdice@oppuiistibstit uted benzene so conpound of graphic
formula I11. "See the publication Friedel]- 30 Crafts and Rel ated Reacti ons,
Ceorge A 1 ah, Interscience Publ i shers, 1964, Vol. 3, Chapter XXXl
(Aromatic Ketone Synt hesi s), and Rmtmwctl ve Friedel-Crafts
Acyl ati on of 1, 2, 3, 4- Tetrahydroqui noli ne and Rel ated Ni trogen
Het er ocycl es: Ef f ct on NgoRlotective Groups and Ring Size" by Ishihara,
35 Yugi et al, J. Chgm Soc.,| Perkin Trans. 1, pages 34P1 to 3406,
1992. WO 9 6
PCT/ US9514323 * In Refffan A t
graphi c f or mul an re di §8oflzed in j s carbon
di sul fide or nethylene chloridegand reacted iR th presen ‘ of a Lews
acid, such as alumngg chlorggle or tin 5 tetrachloride,vto formthe
correspondi ng substituted benzophenone represented by graphic fornmula V
(VA in Reaction

In Reaction B, the substituted or unsubstituted
ketone represented by graphic formula VA, in which B and B'

15 may represent groups other than substituted or unsubstituted
phenyl, as shown in graphic formula.v, is reacted with sodium
acetylide in a suitable solvent, such as anhydrous :
tetrahydrofuran (THF), to form the éorresponding propargyl
alcohol represented by graphic formula VI. Proéargyi alcohols

20 having B or B' groups other than substituted and unsubstituted
phenyl may be prepared from commercially available ketones or
ketones preﬁared via reaction of an acyl halide with a
substituted or unsubstituted benzene, naphthalene or
heteroaromatic compound. Propargyl alcohols having a B or B’

25 group represented by graphic formula IIC may be prepared by
the methods described in U.S. Patent 5,274,132, column 2,
lines 40 to 68.



B or VBin Reaction C). R and R represent possible substituents, as
descri bed hereinbefore with respect to graphic formula I. 10

React | @¥p 96/14596 [err] In Reaction B, tgierngdeRakdaut ed or
unsubsti t ut ed ket one represented by graphic formula VA 1n wh{'ic’% B and
B' 15 may represent groups other than substituted or unsubstituted

phenyl, as shown in graphic fornmula V, is reacted with sodi um acetylide
in a suitable solvent, such as anhydrdgs tetrahydrofuran (THF), to form
t he correspondi ng propargyl al cohol represented by graphic fornula VI.
Propar gyl al cohols 20 having B or fRac#iewPg Ot hér than substituted and
unsubsti tuted phenyl may be prepared fromcomercially avail abl e ketones
or ket ones prepared@ia reaction of an acyl halide with a ‘substituted
or unsubstituted benzeite, napht hal ene or hefzer oar gapdi ¢ conpound.

Propar gyl al cohols havjqg a+B ge=8'cng5 _JiHug rephesénted by graphic formula
I'1C may be prepared %f t he net hods described i/ U S. Patent 5,274, 132,
colum 2,  lines 4% toB48. W6/ 14596 7 Mg

PCT/ US95/ 14323 VA -10-

Reaction B v

In Reaction C, a substituted or unsubstituted

5 Dbenzophenone represented by graphic formula VB is reacted with
an ester of succinic acid such as dimethyl succinate
represented by graphic formula VII. Addition of the reactants '
to a solvent, e.g., toluene, containing potassium t-butoxide
or sodium hydride as the base yields the Stobbe condensation

10 half ester represented by graphic formula VIII. If R; and R, e
on the benzophenone are not identical, i.e., not structurally
symmetrical, a mixture of cis and trans half esters will be
formed that will require further purification to isolate a
distinct isomer. The half ester (VIII) undergoes

15 cyclodehydration in the presence of acetic anhydride to form
the acetoxynaphthalene reéresented by graphic formula IX.
.This product is hydrolyzed in an aqueous alcoholic solution of
base, such as sodium hydroxide, followed by treatment'with
aqueous hydrochloric acid (H*) to form the carboxynaphthol

20 represented by graphic formula X.



[err] In Reaction C, a substituted or unsubstituted 5

benzophenone represented by graphic formula VB is reacted with an ester
of succi niWoaeI4s%€ uch as di net hyl succinate represent ed PCTOSIHIMR3
formula VII. Addition of the reactants to a solvent, e.g., toluene,

cont ai ni ng potassi um t - but oxi de or sodium hydride as the base yields the
St obbe condensation 10 half ester represented by graphic formula VIII. If
R3 and R4 on the benzophenone are not~%*dentical, i.e., not structurall y
symmetrical, a mxture of cis and trans half esters will be formed that

will require further purification tReaskdPate a di stinct isonmer. The half
ester (VI11) undergoes 15 cycl odehydration in the presence of acetic
anhydride to form t he acet oxynapht hal ene represeg,es, by graphic fornula
1 X This product is hyrol yzed in aqueous al cohol 1"'g”SOadts on of

base, such as sodi um hydr gxi de, followed by treatnent w { aqueous
hydrochloric acid ( orm t QPbO)é}’gr\‘&Pht sented by
graphic formula X 14596 ——

PCT/ US95/ 14323

Reaction C (R3)m [err] (Reln § (Ra) o (Ra)n ACELIC
- Anhydri de VB VII VITI
Acetic
Anhydride
{R3)m @ (R3)m @
1. NaOH
H 0/alcohol
COOH 2. H+ CO2CH; L
e QO
OH OAc
X IX

In Reaction D, the carboxynaphthol represented by
graphic formula X is cyclized by heating, e.g., from about
160 to about 220°C., in the presence of an acid, such as

5 phosphoric acid, to a hydroxy-substituted benz-fused
fluorenone represented by graphic formula XI. See the article
by F.G. Baddar et al, in the J. Chem. Soc., page 986, 1958.
An alternate method of synthesizing the compound represented
by graphic formula XI is described by C.F. Koelsch in the

10 Journal of Organic Chemiétry, volume 26, page 2590, 1961.

' Coupling of the compound represented by graphic
formula XI with a propargyl alcochol represented by graphic
formula VI in the presence of a catalytic amount of an acid,
e.g., dodecylbenzene sulfonic acid (DBSA), results in the

15 indeno-fused naphthopyran represented by graphic formula IA.
The reduction of the compound represented by graphic formula
XI via the Wolff-Kishner reduction results in the compound
represented by graphic formula XIA. Coupling 6f the compound
represented by graphic formula XIA with a propargyl alcohol



1. NaCH H20/ al cohol [err]

In Reaction D, the carboxynapht hol represented by graphic formula X is
cycli zagobgndsét i ng, e.g., from about 160 to about 22 rbsds1a3sn the
presence of an acid, such as 5 phosphoric acid, to a hydroxy-substituted _
benz-fused fl uorenone represented by graphic fornula XI. See the article
by F.G Baddar et al, in the J. Chem Soc., page 986, 1958. An alternate
met hod of synthesi zi ng the conpound re¥esent ed by graphic formula XI is
described by C F. Koelsch in the 10 Journal of Organic Chem stry, vol une

26, page 259kbseh¥@d by graphic fornQaPVingedilddanteRROURGedSF ANt €d by
gr aphic formula XI wth a.é)e(:é)gg/r%l ﬁLCO ol represented by graphic
fornmul a \RRRFHARYTAR- LERERSTH t SFGP Ecaﬁ%‘iﬂﬂlaofman Theq, e.g.,
dodecy! bereslx-emenitobECthe i ydiddehs iheguapliic Edrimala5IBi byl edldeyilused
napht hopy epresent ed aphrc l.a., LA The .reductjion of the
conpound élg%lr%ss'er?t'gd'bgl g%p%’é ?%r?r%?ég@h%dvll’% ﬁ%&\?@?‘f %EKP? ner

r educt § oncompaind IBnwihh tokedarid alunippnete praduge gheptdmpdundrul a Xl A

Coupl i Ny Piptdiert@AP Y Grapni L SRRAREYchY graphic formula XIA with a
propar gyl al cohol VE) 96/ 14596
PCT/ US95/ 14323 Compounds similar to the com_pounds rqu;esentepebyesent ed by

graphi c f@rdpiie Forassl te im wHieH mqeaﬁdfw?e&e alkoRpt Noevdaan Jeepr esent ed
by graphic_.farnul IB'dTEe' repl ac msng1 o] th% g%dro ens in graphic
fornul a I‘Buﬁgl &kyn 39T UPES tcﬁ‘&n RISHRE P 5o aﬁcg?rb’f‘?'shed by reaction
of thd05 berpmaoytliB grobptcortiddring @norygen ayomadand 3 heo b maabod

atoms including the spirocarbon atom may be prepared by '

reacting the compound represented by graphic formula IA with

an alcohol or a diol, respectively, in the presence of a

catalytic amount of acid. : :

15



represented by graphic fornula IC. Compounds simlar to the
~conpounds represented by graphic formula ICin which Rerr] and R2 are
alkkoxy inswe®dna$s6 al kyl or Rlerr] and R2 are taken toget herrrtspsfigss a
- spiro- 10 heterocyclic group containing 2 oxygen atons and 3 to 6 carbon

atons including the spirocarbon atom may be prepared by reacting the
conpound represented by graphic fornula A wth an al cohol or a diol,
respectively, in the presence of a cat@ytic amount of acid. 15

WD 96/ 14596 , . PCT/ US95/ 14323
-13- . Reacti on [Reaction D [err]

Reducti on [err]

(Ra3)m ' ' - (Ra)m

COOH Phosphoric acid >

(Redn @@ T Heat
- (R¢)n

DBSA | + C

Aluminum




WD 96/ 14596 PCT/ US95/ 14323
- 14- In Reaction E, further methods for preparing

conpourwio ssgmeesent ed by graphic forrmula | having differepéribaingdzs and
R2 substituents are described. Starting with the conpound represented by

graphic fornmula IA reduction with lithium5 al um num hydroxi de (LAH)
results in the conpound represented by graphic fornmula ID. O her nethods
for reducing the car bonyl group arédescribed in the text The Cheni st Ly
of the Car bonyl G oup, Chapter 11, Saul Patai, Editor, 1966,

| nt er sci ence Publ i slﬁarEead_fO'Lon E, furthefimethadst fon ptepamei-ng)rrpound

represemé‘&nﬂ?ﬁﬁxﬁr aP.Q ‘:‘ese ’E}Si}u%thh%tﬁoﬂﬁhlaaC&' ULH% 9 { he

-pot enti al substit ent Pts™Int oun resente by graphlc
fornul a 1304 /ﬂzoﬁﬁbﬁtb@{m aerr dpResiPRA at |Sﬁg1r&ms e¥ifh the sempound)

subst i t uefdgredenitaa B9 i & Gorantat ef, biedicHibnCwieh M hikin | A i s by

reacting the CO nard lithium reagent having the
pot ent 7 al 2XIHI qtpgxﬁf#%?% Mud"&sf‘hg %?ﬁ)(ﬁ?ﬁ‘?q"ﬁﬁrﬁ%%rrﬁ%d’ gr aphi c
formul a %y ddphdquEdimula rmt ioxheaf mébho@s)rqmuméduepngsﬁié ed by graphic
formul a | 03 h t:@ ﬁggﬁ!%ﬁgntﬁlﬁ in the 20
presence %?rbé’r?\g&c?agaﬁc%g %1 J(}%, oIPl &gge npound

r epr esent@akionyds Suoup . f@hmner 1@, Saul Patyl . O@EHILEY6 1966, '

PchUSQSVfﬁEg¥%c1ence Publishers. - 15-
Reaction E (R3) M
10 The reaction of the compound represented by graphic

formula ID with an acyl chloride having the potential '
substituent R’ results in the compound represented by graphic '
formula IE. Another pathway for incorporating different R; and
R, substituents on the compound represented by graphic formula .
15 IA is by reacting the compound (IA) with a Grignard or lithium
reagent having the potential substituent R to produce the
compound represented by graphic formula IF. Subsequent
reaction of the compound represented by graphic formula IF
with an alcohol having the potential substituent R’ in the
20 presence of an acid such as hydrochloriC'écid results in the

compound represented by graphic formula IG.



IA 1. Gignard(RwWX)

LAH 2. H+ (R3)ym M

(R3)M WO 96/14596H ID PCT/US95/14323
| F | ' cocl R +

(R3) XCoC (R3A)) M OR M) n

B' (R4)n B | E

| G Conpounds represented tP-graphic forrmula | may be

used in those applications in which organic photochronmic 5 substances may
be enpl oyed, such as optical |enses, Reagtion Ej sjon correcting ophthal nic

| enses and pl ano | enses, face shi el ds, goggles, visors, canera |enses,
wi ndows, autonotive wi ndshi el ds, raf {,0and aut onotive transparencies,
e.g., (Ra)m :

B

(Re)n B!
IAa
1. Grignard (RMgX)
LAH : - 2. H+

Compounds represented by graphic formula I may be
used in those applications in which organic photochromic
5 substances may be employéd, such as optical lenses, e.g.,
vision correcting ophthalmic lenses and plano lenses, face
shields, goggles, visors, camera lenses, windows, automotive

windshields, aircraft and automotive transparencies, e.g.,



WD 96114596 ' Pcr TUS9s1/ 4323
- 16- T-roof s, sidelights and backlights, plastic filns and sheets,

texti| ago9gglsgepat i Ngs, e.g., coating conpositions such a ints, an
verification marks on security docunents, e.g., docu?%mséﬂémas

banknot es, passports and drivers' licenses S for which authentication or
verification of authenticity may be desired. Naphthopyrans represented
by graphic fornula I exhi bit col or-x8kanges from colorless to colors
rangi ng from orange to bl ue/gray. Exanpl es of

cont enpl eﬁ%&@phgbaayla&§%?1§>&sa@ﬁ1}9h%t Bindelie 85008 Bla 'diekayention

are the fol

3- (4- et W@ﬁyﬂl%%@%ﬁwy@& nefeRkdnshaepppsigions such as
hydr oxy- IgHiQi%%LZaﬁdfiré‘ﬁPf!iéEHﬂmZmQLﬁW&E‘ secur:.ty dobBents, e.g.,

3, 3-di (4- pet hoxyph I 13- hyd 13- net
| ndenlyg 2 Og%%»[ §€¥ )a aﬁéﬁr{%%)é 15pagsepo1yt(sc)and drivers' licenses
3-(4- methnwymhﬂnnlhuﬁhéﬁhfhaﬁﬂdndb@bﬁéiiﬁi&aﬂi@ﬂ bflauthentlclty may

D0 e S R s o

acet oxy- @mbdﬂ:nsphgxycm yromi adbonl€ssl -ti capbrdafdnging £rbhpyran; 20

(e) 3, 3‘611 ﬁ ) 6, 11- di net hyl - 13- met hoxy-
i ndeno| 2, 1- napht ﬁ% yran; (f
3, 3-di (4- rret hoxyphelf¥a wn%ﬂfhypn&&mlmdonw thopyran compounds

di et hwy-w:ltdﬂﬁoi:ﬂe 1sédpea Ut fttlel iRvBhEVorire the folléwing:
3, 3-di (4- et ho

| d t .
met hyl et hyl ) - 1 nglféy Fh%%’ﬁﬂlrne %]‘r’tazﬁf‘ﬂ%‘fﬁl”z%}"ﬁﬁaﬁyphenﬂ’ 13-( h) q
R e e
3, 3-di (4- et hoxﬁ;pheBriB %‘ éﬂﬁ%%ﬁm}@?g %%?ﬂyfd%g]_%'methaf
hydr oxy- iiméene((2,1-f mmd[u@ EJB}’Wan 30 i s contenpl at ed

that tg1e organ(@ phat(QCﬂéQHbﬁyph Al hshQPYs adthyirdb Bf@éﬁéllyl' nygntion may
be used ﬁx d}oxg conbi,nat1 o 3 W t h ot hgr napﬁrho%?rzans of tr%e\i%r esent
r

i nventio 13 AmeUni HReeER L4y Lt paPphshotdr &- BB NP pr opri at e
conpl enent ary @l)gani- G4piﬂétl®ﬁ*§fpﬁér§rmt§eﬁ2?}iSdlhydi‘obeﬁheﬂﬁﬂ-is%a)pligt.ochr om ¢

Conpound%ggﬂxkgn 5 od?q%ﬁaﬁgﬁh Stﬁgéﬁffi1ndeno%9r9tffhaﬂﬂ%§5q§ gnthln the

range of
b]lpyran;

20 (e) 3,3-d4i(4-methoxyphenyl)-6,11-dimethyl-13-methoxy-
indeno(2,1-f]lnaphtho(1l,2-b] pyran; _

(£) 3,3-4i(4-methoxyphenyl)-6-methyl-11-fluoro-13,13-
diethoxy-indeno[2, 1-f]naphtho[1,2-blpyran;
(g) 3,3-4i(4-methoxyphenyl)-6,11-dimethyl-13-(1-

25 methylethyl)-13-hydroxy-indeno[2,1-f]naphthof1,2-b]pyran;

(h) 3-(4-methoxypheny1)-3-(3,4-dimethdxypheny1)—6,11—
dimethyl-13,13-dipropy1-indeno[2,1-f]néphtho[1,2~b]pyran; and

(1) 3,3-di(4-methoxyphenyl)-6,ll;dimethyl-13-butyl—13-
hydroxy-indeno[2,1-£f]naphtho[1,2-b]pyran.

30 It is contemplated that the organic photochromic
naphthopyrans of the present invention may be used alone, in
combination with other naphthopyrans of the present invention,
or in combination with one or more other appropriate
complementary organic'photOChromic materials, i.e., organic

35 photochromic compounds having at least one activated

absorption maxima within the range of between about 400 and
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-17- 700 nanoneters, or substances containing sane, and may be

i ncor por aWQYP6/ASY | di ssol ved or dispersed, in a pol yneric PCT@S954323 host
materi al used to prepare photochronmic articles and whi ch col or when
activated to an appropriate hue. 5 O her than in the operating
exanpl es, or where otherwi se indicated,, all nunmbers expressing

wavel engt hs, guantities of ingredients or reaction conditions used

her ei n are to be understood as nodified in all instances by the term

“about”. 10 700 nanometegmganptcaukftanses| cRakRiRing egual canh AaY: eon

conpounds !n%esl@p&tat&a ngpgt hwgm&edbeeze é¥bed, mpaegsawyﬂeyrans
spi ro(benzi ndol i ne naphthoEgrans sSpiro ne) benzopyr ans,

spi ro(i ndol i FEJ Sy rial ‘%Etﬁdr &Ci HH%P?F%)H%’FRSBW articles

spi rog! ngo: !aﬁc))p(miugs,colar ﬁneﬁoéwidxsﬂeae);aamtawmprme'o‘e hue.

spi ro(i ndgl i ne) pyri do- azi nes, .

spi ro( bengl ndol i ne) pyri &BSEn rhé"'?,e operating examples, or where

spi ro( benzi ndbherne:)saaphndhcaaednesl,l syimbef s neprersing wapelengthsi,nes, and

m xtures of a&sﬁkm%o%&‘“i cg Qﬂsresstlon condztzo)é@%ég He28in .
e ed in anounts (or in

phot ochr om ¢ “subst ances de erein e us

a ratio) sucArehtR %"@ﬁ&é‘ﬁF€°d aﬁdﬁdlﬁﬁﬁéﬂ-alaﬁo ipFrances L tdeoERFBNI C
compounds Or ghhtH € of conpounds is applied or in which they are

I ncor por at ed exhibits a {djem red re ultant col or &Fd’ a substantlal ly
neutr al | or when act PFaPRYSHiQ FF'@?'éﬂr%lﬁﬁglaBﬁF Chromigs near a

neutral col OCoﬂpommlﬂmlcaugeveﬂhéhma@mlthbpyﬁns he:enzopyran@,t ed photochrom c

conmpounds. ne ect rumthat has
relatively eﬁua?amb trl‘a%ﬁ' [ #{%& Iy Bﬁ%?‘éﬁ%%%‘vé .and 700
nanonet ers. apnethrmolbmmecwwrml @ms%xmmmmtmmsm t he

absorption ipg i%(ﬂ%lii@)&éﬂﬂ@@}féné a@ggrbhndoﬂ%@‘???}fﬂg l'arger than in
t he 550-700 nanorret range. An alternative "E%la describing color i's

in terns 18f pPiro(i PEPRUhRERFIRESat ERITQE BELPYHIQhe qualities
of a col opehfoxdiflidesQn sbﬁrbtseﬂwndaﬂaae)ﬁy@idvbenzogazméss 35

bt i ned by’ PREFRUPTHITRELIBe DO Rr it At S AR e

benzoxazines, and mixtures of such photochromlc compounds .

Each of the photochromic substances described herein
20 may be used in amounts'(or in a ratio) such that an organic
host material to which the photoéhromic compounds or 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.,
25 as near a neutral color as possible given the colors of the
. activated photochromic compounds '

_ A neutral gray color exhlblts a spectrum that has
relatively equal absorptlon in the visible range betweén 400
and 700 nanometers. A neutral brown color exhibits a spectrum

30 in which the absorption in the 400-550 nanometer 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

35 chromaticity. In the CIE system, the chromaticity coordinates
are obtained by taking the ratios of the tristimulus values to
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- 18- their sum e.g., x= X/(X+Y+Z) and y=Y/ (X+Y+Z). Color as

descri bwbesngsse Cl E system can be plotted on a chronati ci tr)f iagram
usual ly a plot of the chromaticity coordi nates x and ? n§3§(l Yes
47-52 of Principles of Color Technology, by 5 F. W Billneyer, Jr., and
Max Sal t zman, Second Edition, John Wl ey and Sons, N. Y. (1981). As used
herein, a near neutral color is one8in which the chromaticity

coordi nate val ues of "x" and "y" for the color are within the follow ng

ranges (DgReir- s, WanﬂX/)(x-FY-%)z@lé ¥=2/480v.2) = Q!o%%g Lg 0. 400

follow ng 10 acti vation to_40 percent | um nous transm ssi on y exposure to
sol ar radPeBFEIPERIN ties CIE pYshem can be plotted Pfs aygbgAmaBEciHOt ochr omi c

subst ancedmagmﬁr,pasdamp a pEGﬂtﬁ nHeg mmaﬁi)@ittlﬁfbddi'dﬁhatEGOi et ed into
a host grlal i S % al rqvi.de syff C|ent anount is 15

used to pybd eé’aﬁ?& eye upon
acti vabi oR. WGeBmalr]a:ielyyersudh anam:htMacarSalieztﬂancrsémhd Edas:.anphmlﬁchr om ¢

anmount . Tﬁfl%}?réﬂélﬂo‘i‘fs,aﬁo&‘”t (Lee0) de%ngﬁ g,[_éﬁp ypen %h‘gel nt eln3| ty of

col or desir upon L.rradi ation u on 't he ne &d to
i ncor por afFele¥ %[ﬂfgﬁ tlﬁewbgcbh@%cqhnﬂmaélgmbxtmnatypveéuéq 0ﬁ he nore.

phot OChVOWk@ and SUPS EFRRCBhaPRbiSH e hAEREAOERS eﬂanfo% gr.@&& s | eshe_col or
|ntenS|ty to a certain limt. he rel ative ampunts of the

af or esai diDHIERARDH & = OcBAP it d 48%edYuri P- %/%f’rf"aﬁd‘*BEp%‘PlHl‘?"ﬁf}Sart upon
t he rdbat aumw%tmdii emsnmpSroéntt Meuntidlons efahéiri Silony Byyeexsdde To0f such

conpounds? f%g H?ﬁa‘él % Lurcr%é)r de5| rgzd ~Cenerally, the amount of ' |

total photochrom ¢ su nce |ncorpora dintoor . appliedto a
phot ochrom c opti carl‘hhoamomt erfi ghoteghranie guhmtanceaboutoripdii tiienabout

1.0, e.g. coﬁiﬁﬂ:&gﬁsﬁﬁea ﬁﬁ 9%4:% 020 1nBbbbALAUE 1RRE SUHELE centineter of

surface to which rom c substance S |ncorporat ed or
appl i ed. material is n°tTﬁ§1?o¥Fo?Jt)<ﬂﬁ°dfﬁ=id§dsE|B%¥ th(?égféFl?hé gramdntisi nvent i on

may basappsé@ctd (ibx@aubacarpﬁé@éad:dnﬁhoeﬁféeﬁtdiﬁie&hhﬁh.est'@ he1@S naked

polynerlc or an C S ter rious, methods described 35 in the art.
Such net o3 ne ué:g’l 8?V| %e%%aéaypgpgﬁ’nﬂ“‘f% an Re: WiFIRed subst ance

within thas msthmcgrpm;: amgunt .cagfmengartlculax\/\@ﬁimﬂ&%ed depends
PCT/USQ5/&&§%§upon the intensity of color desired: upon 1rrad1at10n
thereof and upon the method used to 1ncorporate or apply the
20 photochromic substances. Typically, the more photochromic
substance applied'or incorporated, the gréater is the color
intensity up to a certain limit.
The relative amounts of the aforesaid photochromic
compounds used will vary and depend in part ubon the relative
25 intensities of the color of the activatéd'spééies of such
compounds, and the ultimate color desired. Generally, the
amount of total photochromic substance 1ncorporated into or
applled to a photochromic optlcal 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 incorporatéd or applied.
The photochromic substances of_;he present invention
may be applied to or incorporated into a host material such as
a polymeric organic host material by various methods described
35 in the art. Such meﬁhods include dissolﬁing or dispersing the
photochromic substance within the hdst'material, e.g., casting



-19- It in place by adding the photochrom ¢ substance to the
nononeric host material prior to polynerization; inbibition of t he
phkot ochrorwg,g,#gggance into the host material by inmersion q.g'} 9%ulrg‘g’iﬁost
material in a hot solution of the photochrom c 5 substance or

~transfer; providing the photochromc substance as a separate |ayer

bet ween adj acent layers of the  host material, e.g., as a part of a
polyneric film and appl yi ng the phot exdw om ¢ substance as part of a
coating pl aced on the surface of the host material. The term 10

"inbibition" Qrs"i n p ation of
t he phot ochro% cnsﬁ%%g ?éﬁﬁg&ﬁgﬂﬂg é‘m':%ge to afé\:gnt
assi st ed tramohemepic tmstpn@t:ecﬁabm@or %BQ@M@#Q@-@n& p@b%w pier

vapor phase Eh@”ﬁﬁ@f@ckﬁ‘lﬂuc sbbein&d! Gty %Héfﬁésm&Q‘hﬁﬁfsby 1§nmers:.on
Conpatible (chemcally and cqlor-wse) tints, i be applied

to the host Rkt ERelogt materdsd in et s°&&§i~‘ﬁ%t‘?€: ‘ﬁh@sB}/‘ t°?‘?ﬁgl“ﬁ€d| cal
reasons, G Eabst&Rced s Oy thei:ashlmnsﬁée pﬁfbvmnlr@r ttgepRet esHrethivy | |

vary and depen e afores and resuy to b achi ey, I n one
50" enbodi meAEESERRC%AS fuf RBEER AVET H8CHBREI LHARCRE BagETR OF tne
resul ting fr besthewatetialat edgphoaschmmntc ofubspm:.cefglm, tamd achieve a

(more neutral Jpgh LRl AP MNRCRRPELLS SAAMPUChENHA of 8f chicilent |iant.

I n anot her e ye may ecte 0 prow sired hue
to the host PABRFES emerhe ﬁé‘riscﬁhﬁd@?ﬁé\?ﬁ&} Bavexiadoes The F%n unact i vat ed

state. 10 “imbibitidde FOSimBEbEY idd iMtlehdddUed Inedde ahgadsepiant, but
may .be transl ucent or even opague... The ho?’% mat eri al. need on\IX#/ﬂ be
B &&h

t ranspar ent PEEPRAFIQRQG SHeoPHPRRCRAUNS SHREHRITR al°“§pé€?? urhe
activates t hmaphﬁiarhrsbmmnsubssmm uramsfeBOof hee mmebengcbdm.c)f

ul travi ol et Q%F%ﬁggt ata BE?QH&?“%% £ ¥ gp % '?Eg}lggexsut;?ldance .and

that portion 2°Vis spe ncI apsorption
maxi mum wav ele§hgr hswefh tralﬂséesmscm@mm its U act | vated form i.e., the

open fors P el er ablobupkenosteialica1sonhd ffloG:SUEN LA, it emsks

35 the color of the activated form of hot ochr omi ¢ subst ance,
so the chang@YPfi: cBRGPS SEPAGH| Waﬁfﬁaw materal to achigys/a Moye

PCT/ US95/ 4323 esthetic result, for medical reasons, or for reasons of

fashion. The particular dye selected will vary and depend on
the aforesaid need and result to be achieved. 1In one

20 embodiment, the dyé may be selected to complement the color

" - resulting from the 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 when the

25 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 tranSparént 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 host color should hot 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 to the



- 20- observer. Mre preferably, the host material article is a solid
transparent or optically clear material, e.g., materials sui table for
opt i cal Wex9sl14s9st i ons, such as plano and opht hal m ¢ | enpepasyiagns.
autonotive transparencies, e.g., 5 windshields, aircraft transparencies,

plastic sheeting, pol ymeric fil ns, etc. Exanpl es of
pol ynmeric organic host materials whi ch may be used with the photochromc
substances or conpositions descri betlherein include: polyners, i.e.,

honopol ymers and 10 copol yners, of polyol (allyl carbonate) nononers,

di et hyl enebserﬂxy.colmdien'pkbﬁéfadbm,e unmmtSmadéirmthaeayé henzene
nononers, (%) | at ed bl&gphenol acryl noner s, et hyl ene
ac

' t
gl ycol bi sﬁe’f SNREES n8ﬁe?%u‘f)a§1|1§}(9 ?‘ﬁ?f:e‘ﬁ% Sriad.y &of) - PRAHERITS yi at e
nononers, svei-t@@d eﬁoedephenel dppitatdong|, asecham planocaandal koxyl at ed

pol yhydri gl pittlc 1enBShY! G EadhO Hictmot 160 %%JA%M dd.grethylol

pr opane triacr ﬁate MONONErs; pol ymers,
copol yﬁergln%ﬁh’rﬁ}ldﬁ'uﬁéFFﬁﬂﬁF t’éalbsparmﬁées cli’laﬁiirlmﬂh?#tlngc functional ,
acryl at e pothrmerietfiamey! ate, nononers, poly(Cd-Cl2 20 al kyl nethacryl at es),

such as pol y(net hyl _net hacryl ate), ol y(oxyal kyl ene di net hacryl at es),
pol y(al koxyl at ed phé&ff8I® pies n%ﬁar%%]rmeé? 5,%5%%% Ro5sematerigls whdichy| ose
triacet atway be méddjlwdsa anetpm@tqnmmﬂnakebsa&ideﬁ execanpditaidngl yrat e,
pol y(vi ny y al ote} P | v(viinyl 2 chl or ),
fe8EELR )neregk) &xeﬂ?lé eA0eks, P2l (Vi ?Ym%r_po

pol y(vi ny ene I"orl 'h’er nopras ar bonat es,
pol yeslﬂersopwr-}e(na,hwfepelyolt@lhﬁhmbaneye) peinegeysendietutisnal pha
met hyl st yg ﬁ,?@al dime e ééé”rﬁ‘é}f‘od@sh%ﬂ?éi?é‘;{éﬂyﬁt sénzﬁxe&ol y(styrene-

|

acrylonitr pol yvi nyl butyral and- poI yners; . e nopol ynmers and
copol yrrer'§°n"c‘ﬂ‘ercﬁ ralf F‘Méﬂ’é“-‘% drsRheRCR; At dimethagryilate MeRIMERSNOl yITer

\t/)m t ? Io;al lyeth@éﬂey |g19&bmogﬁ§ﬁéthacml Embnofess, pdlolByhEldhd! ¥Col

is(ally n at e _nono - Transpar ent
copol ymer$¥ %%%b?’é%ftg‘?cw}ﬁ °é’rﬂme§§ pﬁgg?@f]'?tﬁdepg?ﬁ%l sui tabl e ast host
mat er ilal smethadmrlatiey monbhwers dm%tama-aaedlmﬂammucaughqﬂ ear

pol yreri zg A fonomers, VW0 dt 2B oxyiated trimethylol
bCT] Usos, 14555 ’ s SEIYIoL propane
triacrylate monomers; polymers, i.e., homopolymers and

copolymers, of polyfunctional, e.g., mono-, di- or multi-
functional, acrylate and/or methacryla;e.mbnomers, poly(C;1-C3

20 alkyl.methacrylateé), such as poly(methyl methacrylate),
-poly(oxyalkylene dimethacrylates), poly(alkoxylated phenol
methacrylates), cellulose acetate, cellulosé triacetate,
cellulose acetate propionate, cellulose acetate butyrate,
poly(vinyl acetate), poly(vinyl alcohol), poly(vinyl

25 chloride), poly(vinylidene chloride), polyurethanes,
thermoplastic polycarbonates, polyesters, poiy(ethylene
terephthalate), polystyrene, poly(alpha methylstyrene),
copol?(styrene-methyl.methacrylate), copoly(styrene-
acrylonitrile), polyvznylbutyral and polymers, i.e.,

30 homopolymers and copolymers, of dlallylldene pentaerythrltol
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



-21- material prepared froma thernoplastic polycarbonate resin,

such as the carbonate-linked resin derived from bi sphenol A and
phosgene, WAi%MH43%€ sol d under the trademark, LEXAN, a po|BGIUSHS/1432dch as
the material sold under the trademark, 5 MWLAR a pol y( met hyl

met hacryl ate), such as the materi al sol d under the trademark, PLEXI GLAS;
pol yneri zates of a pol yol (al Iyl carbonate) nononer, especially
di et hyl ene gl ycol bi s(al lyl carbonate), which nmnonormer is sold under the

trademark CR-39, and pol ynerizates of copolyners of a polyol 10 (allyl
car bonat e) , mageriall mepeard §F9R A %%E"&PF-?F“C RAAYSarRPRIte \Fasitot her
copol yner | zaEhenna@%n%r 'c%.rEBhSﬁéaiﬁlked redeh aer GARDIEYBRI Bidpidhorl Ay

acetate, e.g. rrers 80- 90 percent diethyl ene glycol
bis(al Iyl caPB8 3/ ?fgrdcé’ﬁfleﬁﬁ ¢ mﬁ iui%ar |y 80- 85

percent of tbelﬂzéstbezs,( aidcyﬂ asath@nﬁu@rmdséma&zdw chet tramgdazm;et ate, and

copolyner ' poI t h al r ct| ality,
as descri bew Fl"?g 13@%&&%}%%‘? ﬁ&%g sV%gL_ tE:j‘:)épo ym%rs

wi th aliphat nuderetnmwe:@demaek PLEXTELAS!; pglymmmeﬂhpﬁhacont a| n aI lyl or
acrylyl fU”Cbbﬂget (at? Wi %E’Boni‘éeg%&{dﬂé%d b éé:%u@ah?&&h

pol y(vi nyl a vi nyl butyral, pol¥yurethane, rrers of rrenbers

of the groupbéﬁt(\%]-%‘f-"r P néFEi hy‘t’lb’rf'é‘ @%@Frdﬁr’eﬁ%&d‘?@a{:e he pnoners,
di i sopr Openyh:raa&z@ﬂe dmlrscgr,rea%d ﬁéiﬁaﬂt i¥aeds of t&@a:m%eksﬁoﬁharr&idlt i gonyl ate
MONOITEer s, co i sne et hyl ene

gl ycol) ‘107 bi éﬁYﬁa‘%’?‘%ﬁ%ﬁée n‘Bn%’r's ﬁf‘ﬁt%ﬁ’%ﬁe%&ﬁqﬁ%ﬁkcryl ate
NMONOMEr s andcathorxqﬂtea)t.eduthl aehé\:ylcﬂpqirwpameable acmpmeric matmniadsr, s

cel lulose acglgfe, >;Jc.‘i 2fs Pl %Qg@%ﬁ. afELLUL 0S8 o %y QH%Xi% %‘4’:' ' “' ose

acetate butyrate, rene an ol'yners’ o
met hacryl at efrvmnw %R:mnt dm@ﬂ@qel SAYFﬁllhelS(allYl carbonaten/b,agd

particul arl Yu.oCQGtﬁ‘éﬂEéx‘{te@lh?lUéé‘eéﬁté h@artiHPA0GH8O0BS PeRdEdtORYr 8ne Of

the present invention wt optical_organi c resi,n nononers used to
produce ot | PéFI‘?lbrlea‘%arﬁnBSFi/n%‘P‘F AR-@9 Ppreent inyli aretatft &% for
opti c;il apppbbIahe ¥ withuahpabsylhfst manapheind arerndhdl oghadryfiate | enses,
WD 96/ 14596

functionality, as described in U.S. patents 4C§é&5§§y'l4%23
4,994,208; and copolymers with aliphatic urethanes, the

-22-

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 glycol dimethacrylate
monomers, diisopropenyl benzene monomers, ethoxylated
bisphenol A dimethacrylate monomers, ethylene glycol

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

30 copolymers of styrene with methyl methacrylate, vinyl acetate
and acrylonitrile. _

More particularly, contemplated is use of the
photochromic naphthopyrans of the present invention with
optical organic resin monomers used to produce optically clear

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



w ndows, and autonotive transparencies. Such optically clear

pol yneri zates may have a refractive index that may range from about
1.48 towekseuusss. 75, e.g., fromabout 1.495 to about lpefrussgifusad i cal ly
contenpl ated are optical resins sold by 5 PPG Industries, Inc. under the
designati on CR-307 and CR-407. The present invention is nore
particul arly described in the foll ow ng exanpl es which are intended as
illustrative only, since numer ous™¥fodi fi cati ons and vari ations therein
wll be apparent to those skilled in the art. 10

STEP 1 windows, and auPomoiive rhrianspavendies./5 spehnepticallydlearnas added
Lo a reaghifddiaakeEoRhp! BTl £ M eThbbibd L fidesd EhbcOhad® ;,ggpeuef}%f.. The
reaction ask was equi ped wth an overhea stirrer, dr o I Ng Tunnel,
and a corfRefter -#idt ﬁ°n?§?’6"ge’n-751l e-9g.. £rom akawtedt §95f te abaukacti on fl ask

was heat e, ¢&. r@%@@lfigaltﬁﬂ’ﬂlﬁiﬂé@aégé ardiogdca10tebong ahigNeRe (91
e yl succi

grans, _0.5 ) . di ate (90 grans, 0.62 nole), and tol uene
20 (100 g‘?%ﬁrsﬁ“%&éﬂﬁed BerndeTe t ddﬁél 05y FRAZYT . andh £R-407asy| t i ng
pasty nixture was r®héupmsbeit datehtbonlisd WbrkOpagticul £¥18} éscaiBe@bout

400 nL of r d Ixed.well. . Th gueo | gyer_.was

separ at edj,'ﬂvg-%:hl%d if}gﬁggaﬁghe%u]t@g %glﬁg roe h’[rbtrelngegc?ﬁ, i@h‘fﬁ % ¥€ted with
200 nlL ofonlat,u@iaceThumgsows Imasifd catbbme randiveriesicdos | thermimawdlll wer e
renoved Qi tdiparentOt8! ¥néy@Kiaigh (A & > a near quantitative yield of
crude hal f-ester, 4, 4-diphenyl -3-nethoxycarbonyl - 3-but enoi c acids. This
mat er ¥4 was not purified further but was used directly in the next
step. 30 The crudegkaupresier from Step 1 was added to a !
reaction flask containing 200 niL of | uene. Acetic anhydride (100
grans) and anhydrous sodi um acetate rans) were added 35 and the
m xt ure was refl uxebBoftassitim tobustoxIfe (IXigramsyas.67 mxld)etragndddéd
solvent, doldigageetBl £AAER WoritliAihg! H6¢ mi11111clEs OB R0

PCT/ US95/ 1432 _
15 toluene. The reaction flask was equiped with an overhead

stirrer, dropping funnel, and a condenser with nitrogen inlet.
The contents of the reaction flask was heated to reflux
temperature and a mixture of benzophenone (91 grams, 0.5
- mole), dimethyl succinate (90 grams, 0.62 mole), and toluene
20 (100 grams) was added over a period of one-half hour. The .
resulting pasty mixture was refluxed an additional two hours,
cooled, and about 400 mL of water was added and mixed well.
The aqueocus layer was separated, acidifiéd with dilute
‘hydrochloric acid, and extracted with 200 mL of toluene. The
25 solvents, toluene and residual t-butanol, were removed on the
rotary evaporator to produce a near quantitative yield of
crude half-ester, 4,4-diphenyl-3-methoxycarbonyl-3-butenoic
acids. This material was not purified further but was used
directly in the next step.

STEP 2 .

The crude half-ester from Step 1 was added to a
reaction flask containing 200 mL of toluene. Acetic anhydride
(200 grams) and anhydrous sodium acetate (15 gramé) were added

35 and the mixture was refluxed for 17 hours. The mixture was

cooled and the solvent, toluene, was removed.on a rotary



- 23- evaporator. The resulting residue was di ssolved in 200 nL of
‘et hyl ene chloride and stirred. Water (200 nL) was added foll owed by the
- sl-ow addi t wapeerfasseo! | d sodi um carbonate unti | car bon di oxféguggﬁhw on
“ceased. The nmethylene chloride |layer 5 was separated and washed wth water.
The sol vent, nethyl ene chl oride, was renpved on a rotary evaporator to
yield a viscous oil, containing primarily 1-phenyl-2-nethoxycarbonyl -

4- acet oxy- napht hal ene. This material was-8%t purified further but was
used directly in the next step. 10 STEP 3

fThe oi | cont a;ivlabaegﬁaﬁhem@l ﬁsmthﬁy%/:le@éim{eylwaé- disscIRidin- naoh?madmﬂe |

rom Step 2 was. added ta a .reacti.on as ont aj ni ng ,400 nL nmet hanol .
Two niL of coﬂ?&ﬁ?’gﬁ?ﬁd&%‘frﬂfﬁdFthFBT'T’Eng'Ci 3’%/55 g%é(;ded&gngafs h89% %t ure was
heated to fiodflbwed byAfther sjppr eddibien off @eldifdosediun rarbohabe witilhe

m xture was r, d f Lt ap t _ kX

cool ed, the 5?%%%& dgaf%#?éecf \;f[&g.ug?. %gtgf ?ézaé'. #?g Béupés%lﬁ i%ﬁéoggaés(t%[’y%rwere
suction fidt Masdsepasaten dndh washsf vithaEatayol , Tapeehveas, maebykan®yer ed

product, 100 giaiEdeNaghst remdvRll biYa PRbtHrolevapbrdddit &ld Sedadaa nucl ear
magneti c resonance .spectrum (NVR) show r;ﬁ thg $roduct 0 have a _
structure  VEETORE: 8ht . Fnbas H8n§F1"?‘FFe"t X PBERKLIR TR EARXY RRFRINYL- 25
The 4-phenyl -©3-agetbryynapidiallent- naphi s ahatekQ@l wagrmots pulriGiedt Aprthexnas
added to a reaction flask contq_i ni, N f a 10 wei ght percent

34 g 3
aqueous sodi it hi’/’ﬁfol)%ls dlres?c'):l gt flgnt%?\ %8: %e f methanol. The m xture

was refluied for 30 one hour, cooled, then slowy poured into a beaker
cont-ai ni ng approximately one liter ogpgplg (approx. 40C) dilute
hydrochl oric acid. About 90 .q‘rcams of the resultin crystalline product,
1- phenyl - 4- hydr oxy- 2- napHt Rdilc cqBFaining Ha\ﬂhﬁgya-%@mh?glfsarh?nﬁ-‘*- |
210- 212[ er r | GoetWay-EaphEd 1R D Ervacotidhd I Wasl baakd oo a reactidiD AHsk4596
PCT/ US95/ 1432c:%mtaining 400 mL of methanol. Two mL of éoZnAE:-entrated :
15 hydrochloric acid was added and the mixture was heated to
reflux. After approximately four hours, the volume of the
mixture was reduced by half on a rotary evaporator. As the
mixture cooled, the product started to crystallize. The
resulting crystals were suction filtered, washed with fresh-
20 methanol, and dried. The recovered product, 100 grams, had a
melting point of 174-176°C .and a nuclear magnetic resonance
spectrum (NMR) showing the product to have a structure

consistent with 4-phenyl-3-methoxycarbonyl-1-naphthol.

25 STEP 4
The 4-phenyl-3-methoxycarbonyl-i-naphthol, 100

grams, from.Step 3, was added to a reaction flask containing
350 mL of a 10 weight percent aqueous sodium hydroxide

- solution and 50 mL of methanol. The mixture was refluxed for

30 one hour,-cooled,.then slowly poured into a beaker containing
approximately one liter of cold (approx. 4°C) dilute
hydrochloric acid. About 90 grams of the resulting
crystalline product, 1l-phenyl-4-hydroxy-2-naphthoic acid,
having a melting point of 210-212°C., was éollected by wvacuum

35 filtratiom.



STEP 5 Thirty five grans of 1-phenyl-4-hydroxy-2-naphthoic
acid, fromStep 4, was added to a reaction flask containing 35 grans of
a 85 wewgWe/nasgecent phosphoric acid solution. The 5 resy ?1‘ msz}ure was
heated to 190-200[err]C. and kept at this tenperature fOr one hour
During this tinme a deep red solid product fornmed. The m xture was

cool ed and 200 ni of water was added. The solid was broken up with a
spatula, filtered, and washed succ@dsively with water, 5 wei ght percent
aqueous 10 sodi um bi carbonate, and water. Ei ghteen grans of the red

col ored product, 5-hydroxy-7H benzo[@]m@_goren 7-one, were recover ed by
vacuum filtration.

5- Hydr oxy- 7H benzo[ GRHItYo fdNe795ARS (*f g"r'é’ll?Ef‘YlffolFﬁdrm%i‘@pnﬁphmcadded to
a reacti omdildasEronnstemiang wh,sladdéd to a mﬂaleewﬁhﬂadlé cbnka@AYAg 13l (6
rans) an f tin sstl ed and

geat eZ:I to%&% Bk % 8§% ro grggﬁg ?B‘e?rﬁ 3‘:%% °3C| d&é\%re added,
and t hé ZGqseléei-Fﬁrfn#?FWm wagabeated m BO-e0p1C. dndrképteaﬂnd:hx's After the
reaction WEBL6R0| £k tief aemter@@fﬁ;gurtms' E4i#8% fdéegnhli:@g. d the

collected fi trate was_ washed three tineés wt perce aqueous

sodi um hy ®*E2PgE. fareedo| FoRt ml"tu’c'%lvl?éném%&é ?M%ﬁ“@n% vatery
evapor at Owaanddtée. demer @ibla& w&edwcské‘d)@t ahl:hzsdsmdﬂae gddidiom, of

acetone t the sol vacuum filtered, washed with fresh
acet one, & H?sgﬁé ucceeﬁsdvg 'él?‘rs"\',%tre %eH eI RETESPS: BAUSOUS) oduct
havi nglta rsolduumgbp@amona‘tel%nd%{zmr] CEightbbir g dft ltRe redr oduct to
have a str, POELSE enrt

met hoxyphgrdl’glbgé&zﬁoxo ﬁdgnoﬁggg ?] q%]eg‘no[[%? ﬂb‘]wren -one, were !

STEP 7  recovered by maquumgfs Pt’ér%#lng di (4- met hoxyphenyl ) - 13- oxo-
I ndeno[ 2, 1-f] naphtho[ 1, 2-b] pyran from Step 6, was added to a 35 reaction

flask containing 50 nL of anhydr-ous diethyl ether. Smal | portions of
l'i thi um al um num hydri de were added WD 96/ 14596 :
PCT/ USB5/ 14323 5-Hydroxy-7H-benzo[C] -fluoren-7-one (6 grams), from

Step 5, was added to a reaction flask containing 1,1-di(4-
methoxyphehyl)—2-propyn-1-ol (6 grams) and 100 mL of toluene.
The resulting mixture was stirred and heated to 50°C., three
drops of dodecybenzene sulfonic acid were added, and the
20 reaction mixture was kept at 50°C. for five hours. After the
reaction mixture cooled to room temperature, it was filtered
- and the collected filtrate was washed three times with 5
weight percent aqueous sodium hydroxide. The solvént,
toluene, was removed on a rotary evaporator and the desired
25 product crystallized on the addition of acetone to the
residue. The solid was vacuum filtered, washed with fresh
acetone, and dried to yield 6.2 grams of a red-orange_colored
produét having a melting point of 190-191°C. An NMR showed the .
product to have a structure consistent with 3,3-dik4-'

30 methoxyphenyl)-13-oxo-indeno[2,1-f)naphtho[1,2-b]pyran.

STEP 7 -
' Three grams of 3,3-di(4-methoxyphenyl)-13-oxo-
indeno(2,1-flnaphtho[1,2-blpyran from Step 6, was added to a
35 reaction flask containing 50 mL of anhydrous diethyl ether.

Small portions of lithium aluminum hydride were added to the



- 25- stirred mxture until all of the red-orange col or di sappeared.
. The reaction mxture was stirred an additional ten m nutes, guenched
w:th a snawosemasse of ethanol, and poured into 200 L of pEr/8ésHAss
~percent aqueous hydrochloric acid. The organic 5 |ayer was separat ed,

washed with water, filtered, and the . solvent, diethyl ether, was renoved
on a rotary evaporator. The addition of approximately ten mlliliters of
a 2:1 mxture of hexane: et hyl acet ate B8 the residue caused the

crystallization of the desired product. The recovered 10 crystals were
washed with ostsivedeld atrtate aintd12:allnpft tikee mefd-orahge arndost Aybappesixeds and -
dried to yiel i d ; ' ' L.N{. .

127-129[ err] &%ﬁﬁ%ﬁ%ﬁe‘g ﬁéj{nﬁ%sﬁ%%egupg%{%e%lp%ggsg%éé% %g\klleﬁ?égé Tlcture
consi st ent wiquergheddwigh a swadilhgoppnRengf jethanocl, and poured into 200

- 13- hydr oxy- ifide0ls2 weiGhe dRlt] adqubbRy '§farokBloric acid. The orgdific
process of Exanple 1 was foll owed eﬁggpt that in Step 7, three grans of
t ?ﬁﬂéﬁ

3, 3-di (4-n® ¥A§ Femarahes, waspsd WD WAteFa fit 228 then was
added to a resslvent,f GaakhyD exnErgi wasgré&fovdd oh anhythmuevhpbratosslr of ur an.

The m xture was oled Ln an ice h and pr cted frompolsture wth a
nitrogen pad 'Wﬁ Iaéldg" 18§c%§sa r°ﬁﬁéf‘ﬁ‘yggib‘ra%'hé‘ﬁ&3§§éég%% o\f/a? 2¥ HIEFEo t he
reacti on withofthexanegethyl cacettater tpgthe resisidei cawsmd then mi nutes, 200 ni
of 5 weight p t ! draagk [ ' vvaﬁ? the organic
| ayer was separ gftl ggug%?mﬁér#%ﬁgtg EL%t%@fﬁé_so %g(r%t%,gva?gd

t et r ahydr 9 ure¥stads wereveRBhad ¥itht ar §malda FoRupbrof he:1 miuenxs &f of

approxi mat el ynd:@ihe¥ekhihi 46satdf and?atied danaedll 2.6 panaeoet pydareet at e
to the residue caused the,crystalli aﬁ,?n 3Q _of non ghot ochrom c .
material . ThilYfof BEL RS RERECEQ2T 7 Fr | B Vo PR T (H9HEE vias

col um chr onatley rapdadtoto haws la Garusture acdlisispent wiehofl, Redh(w: et hyl

hes - Crt or e yenenthF; SR  SHito 1210 E1nEhNGIAY BB 21 Y

melting pd¥nt of 125-126[err]C. An NMR spectrum showed the product '

WO 96/ 14596 EXAMPLE 2 PCT/ US95/ 14323

- 26- The process of Example'l was followed except that in
Step 7, three grams of 3,3-di (4-methoxyphenyl)-13-oxo-
indeno[2,1-flnaphtho(l,2-b]lpyran was added to a reaction flask

20 containing SOImL of anhydrous tetrahydrofuran. The mixture

' was cooled in an ice bath and protected from moisture with a
nitrogen pad while an excess of methyl Grignard reagent was
added to the reaction with stirring. After stirring an
additional ten minutes, 200 mL of 5 weight percent'aqueous

25 hydrochloric acid was added and the organic layer was
separated and washed with water. The solvent,
tetrahydrofuran, was removed on a rotary evaporator. The
addition of approximately ten milliliters of a 2:1 mixture of
hexane:ethyl acetate to the residue caused the crystallization

30 of a non photochromic material. This material was separated
by filtration. The filtrate was column chromatographed on
silica using a 3:1 mixture of hexane:ethyl acetate as elutant.
The desired product, which crystallized from ether, was
filtereé and dried to yield 0.7 grams of a product having a

35 'melting point of 125-126°C. An NMR spectrum showed the product



to have a structure consistent with 3, 3-di (4-nethoxyphenyl) -

13- hydr oxy- 13- net hyl -i ndeno[ 2, 1- f ] napht ho( 1, 2- b] pyr an.

EXAVPL EWS 96414596 The process of Exanple 1 was fol Ipewaskossgept t hat
in Step 6, 1-(2,3-dihydrobenzofur-5-yl)-1-(4-nethoxyphenyl)-2-
propyn-1-.0l was used in place of 1,1-di(4-nethoxyphenyl)-2-

propyn-1-ol. The resulting product, 3-2(64- nmet hoxyphenyl ) - 3-

(2, 3-di hydr obenzof ur-5-yl)-13 -oxo-indeho[ 2, 1-f] napht ho[ 1, 2- 10 b] pyran was
used in place of 3,3-di(4-nethoxyphenyl)-13-o0xo0-
i ndeno[ 2, 1t¢ |hayshEhEEFUCLRY P \Fonfiatestepith 33 WiddrmethoxyphenylFcanpl e 2.

The resul t{fg ',Q,g?,eﬁ_hoﬁgfﬁ Ninddio] 21@S£] napithetadbl i fg{om an ether
hexane m'xturey,afi tered, aﬁj dri ed. T?laepr?ggt/ered?%stals, 3.7 grans,

melted over a 15 tenperature range of 121-135[err]C. An NVR spectrum
showed t he product to have a str gxhMpEEconsi stent with 3-(4-

nmet hoxyphenyl ) - 3- (2, 3z di hydr.oben ur-5-vyl)-13- oxy= 13- ,
met hyl -|9ndeno[ 2, 1-f]§%%l‘ﬁ’%%ﬁ?sz-q§]0%§ﬁ'§ﬁ}g 22’6“8 t%'d"rlwgd except that in
EXAVPLE 4 Step 6, 1-(2,3-dieydroieezofor-Sxphplle (4 -wasthbéxypleamyd )egeept t hat

in Ste _gha | ¥ l.@s f $:1Q0 ed_in

sol ubi | i z%m%"‘?’%‘gqﬁ%' a%?%eﬁﬁ%ﬁ%?@%ﬁe%gﬁgf ﬁé‘qgﬁg%%mn% e) which -
was used iRFQRYEcE-8% - beFROpIRAYIENGoPEPdUtice I, (4-methoxyphenyl) -3-

di (4- met hW?,W'Iﬂrd@oBBﬁW?le%ﬁéﬂﬁﬂﬁr& 2Ghdf) ndftictho [1, SL0bbe hal f
ester s.used in Step 2 tpo produce 100_granms of

1- (4- hﬁlﬁpﬁm y25_1Eed o3 BTSN PE- 3 et Bareshexvpyenyl) d3pRERal ene,
havi ng a nisidenay2pai 6] naphtilblfll,£26bepytan Gi eqxed 0f, as ddsedibedess Of
Example 1 Ltte I , ad204-.30 . . )
met hyl phenyi ;-I %t’hoglﬁ%ag%%inl%qpﬁ- 3%3%5%/1- e chwxﬁté’fﬁlt"fﬁ.ﬁ ene was used
in place cryptgiddged3inen rax ethesohgkahe mupiturel, fblterest,odnde

1- (4- met hydpheny! jrnd- yadsepsd- &2~ 3N sC } ing a nelting

point of 210-2130C. |n¥%t5ep 5‘1,6 :1Egoismfsgr§aarr€%g'tbﬁi?e%%%&é}amés used i n

pl ace & IEFTRETFCIEENFBIXRE 3210135t héPc TMR| BPBIFUR SBEvelt thsy| ene (250

grams) ancorthihict tgrhave o strifrtoeegbbniyveitt wibRsphagd ¢ acid sol ution.

The 39ohdRgP) -3- (2, 3-dihydrobenzofur-5-y1) -13-hyd

PCT/ U895/1 Y [; 34 enzorur-s>-y }-13- ydroxy-13-
methyl-indeno(2,1-flnaphtho(1l,2-b]pyran.

20 ' EXBMPLE 4 _

. The process of Example 1 was followed except that in
Step 1, 200 grams of toluene instead of 100 grams was used in
solubilizing the 4,4'-dimethylbenzophenone (105 grams, 0.5
mole) which was used in place of benzophenone to produce 4,4-

25 di(4-methylphenyl) -3-methoxycarbonyl-3-butenoic acid. This
Stobbe half ester was used in Step 2 to produce 100 grams of
1- (4-methylphenyl) -2~-methoxycarbonyl-4-acetoxy-6-methyl
naphthalene, having a melting point of.144-146°c. 'Step 3 of
the process of Example 1 was ommitted. . In Step-4, 1-(4-

30 methylphényl)—2-methoxycarbonyl-4-acetoxy-s-methyl naphthalene
was used in place of 4-phenyl-3-methoxycarbonyl-1-naphthol to
produce 1-(4-methy1pheny1)-4-hydroxy-6-méthyl-2-naphthoic
acid, having a melting point of 210-213°C. 1In Step 5, 100
grams 6f this product was used in place of 1-phenyl-4-hydroxy-

35 2-naphthoic acid and mixed with xylene (250 grams) and 250

grams of a 85 weight percent phosphoric acid solution. The



-27- stirred mxture was refluxed in a one liter flask equi pped W th
a Dean-Stark trap for 20 hours to produce 90 grans of

3; 9- di met hMO /14§96 oxy- 7H- benzo[ C] -f | uoren-7-one, of whi ch 2pEOrrusospugdss was
used in Step 6 with 3.0 grans of 1-(2,3- 5 :

di hydr obenzof ur - 5-yl)-1- (4- net hoxyphenyl ) -2-propyn-1-ol. The resul ting
product, 3-(4-nethoxyphenyl)-3-(2, 3-di hydr obenzof ur -

5-yl)-6, 11- di met hyl - 13- oxo- i ndeno[ 2, 1- f ] A&pht ho[ 1, 2- b] pyr an, was used in
Step 7, as described in Exanple 2, except that an et her hexane m xture
was used to @tiztredlmizecudee wasodefluxedenl@ onecbitsrdlasidagtipged gr ans,

nad a el i ng. gl Jt ngle IAR2000G, o Alb WAZ.SPES SHRAIOYE g iR REodUCt 1O

have a structure cons ent_ .
3- (4- met hoxy phényiliine Bhy - B-hyidrpety oBériesian (C) - fluoren-7-one, of which 2.0

1) -13- hydr Otafhe Lhad Suddd 51 BEbp! 60pra] 3 b GLBARNAALaZ3- bl pyran. 15
The process oOf Exanple 4 was fol Fowed except "that_in St ep 6, 10 grans of
1, 1- di (4- rfet N&Wﬁﬁgﬁﬂaqfﬁp—ﬁoy}hrir 64 -TRrhoxyPheR¥} kP WEeRYR O RS

3, 9;jdi {reth hyl t@sh!di?@f)‘pﬂd&d&OZQP@=?&g}67ﬁmeZZ ﬁ?iY-DﬂQABGﬁﬁh9dmtr%f@&ﬁﬁs Sf
roduc avi n i ng. Nt o - errlC rum showe
!to he product tsg'yra'lé\gg'h’%‘"&eﬁh&g{’&%éo’é%'rfﬂdsef’@% ,%—%ﬁzaph@how,fpbe]cpyran,

3, 3-di (4- net wasypsedyin -$epl -7, asddestiibed] 3InoEpampilde 2| 2xdept napitt ho

|, 2-b ran. : e d e was
geact e!jpzvi t hegr&\lgfgh gg%%%smgff&rrgg kg%%dgtr%r 5%%gg%%&d§§%r %%Qﬁc?dugt'rﬁ Was
cryst al | i ¥ed recovered Herrsiudtns e 8dg¥Aman hachar mabsdne PeirtupE. 198-2p19EC.

recavered pro@URMR Spdéeiin dhdted ERe IprRel Bb Rive I structdrd. . An NWR
spect rum showed t,hgﬁgr od,ucrti to have, a structur consistent with

e

3, 3- di (4- net FERFARERDE )Wwith B -{4-perhermhenyd) -4p(2, 3-dihydrobenzofur-5-
hydr oxy- i ndeRa]) 2 13-hyaegeht-teg[1l, 23 bt pisietthyl - indeno [2, 1-flnaphtho[1, 2-
EXAMPLEG bl oyr The process of Exanple 5 was foll owed except that
in Step 7, B¥*8Rcess of et hyl Grignard reagent, in place of 35 nethyl*®
Gignard teagent, was reacted with 3 grams of 3, 3-di (4-

met hoxyphenyl) - 6, 11- di net hyl - 13- oxo- i ngepph & &-f] napht ho[ 1, 2-

W96/ 1456 ' PCT/ US95/ 14323
The process of Example 4 was followed except that in

Step 6, 10 grams of 1,1-di(4-methoxyphenyl)-2-propyn-1-ol was
reacted with 10 grams of 3,9-dimethyl-5-hydroxy-7H-benzol[C] -
20 fluoren-7-one to produce 16 grams of product having a melting
point of 227-229°C. An NMR spectrum showed the product to have
a structure consistent with 3,3-di (4-methoxyphenyl)-6,11-~
dimethyl-13-oxo-indenoc[2,1-£f)lnaphtho[l,2-blpyran. In Step 7,
10 grams of the pyran product-ffom Step 6 was reacted with an
25 excess of methyl Grignard and the desired product was
crystallized from methanol instead of an ether hexane mixture.
The recovered product, 8 grams, had a melting point of 233-
235°C. An NMR spectrum showed the product to have a structure
consistent with 3,3-di (4-methoxyphenyl)-6,11,13-trimethyl-13-
30 hydroxy-indeno(2,1-flnaphtho[1l,2-blpyran.

EXAMPLE 6
The process of Example 5 was followed except that in
Step 7, an excess of ethyl Grignard reagent, in place of
35 methyl Grignard reagent, was reacted with 3 grams of 3,3-di(4-
methoxyphenyl) -6,11-dimethyl-13-oxo-indeno(2,1-f]lnaphtho(1,2-



- 28- bl pyran to produce 1.4 grans of a crystalline product that had

a nelting point of 153-155[err]C. An NMR spectrum showed the product to
have awsemasey e consi stent with 3, 3-di (4- met hoxyphep¢riusobngsas

11-di net hyl - 13- et hyl - 13- hydr oxy-i ndeno[ 2, 1- 5 fl napht ho[ 1, 2- b] pyr an.
EXAMPLE 7 - The process of Exanple 5 was foll owed except that

I n Step 7, an excess of isopropyl Gignard reagent, in place of 10

met hyl. Grlgnard was reacted with 3 ¢gr¥8#ms of 3, 3-di(4- _
met hoxyphenyl ) - 6, 11- di net hyl - 13- oxo-i ndeno[ 2, 1-f] napht ho[ 1, 2- b] pyran to
produce IblpyHamkoOpredaty Si A Igramspofdacérydtailliad produd®ithagghadi nt  of
200 2100 o ety BUELEPSF {84 3aoeed Al Gum oBLOEHGL i3uAAVEng STTUCTUre

t ent
_?rg'[] ﬁl;inRmrgﬂM tolhdivera gtrudure genaiseenty (With33 hydliotd -
'ndeno(z’ﬂééﬂ6¥§%$%B9E} g {H #ﬁﬂlhyl 3-ethyl- 13 hygﬁgﬁy-znden .  EXAWLE

e’ process of Exanple 5 was except tﬁat in 20
Step 75 oI naphede (35 2rPIRYXAN.G i gnard reagent, in place of met hyl
Gignard, was reacted with 3:-granms of 3, 3-di(4-
met hoxyphenyl ) - 6, 11-di net hyl - 13- oxQ-i ndeno| 2, 1- f]napht ho[ 1, 2- b] pyran to
produce 1.0 gramof a crystalline Mg’t@—{'hat had a nelting point of
greater than 240[ er Th€. procddedR ofp Bxample S8 owssd £351 died mxnépc:t tha)t hiave a

t t t hyl - 13-
?lr ug glrrerse %}Isfétshﬂl %x@%é@ ot %hs(ga’r %‘/’1 g’ﬁ#ﬁ%ﬁ?napﬁt% [pfaf ?%y )a/m
'EXAVPRE onegthyl Grignard, TWas Mgd witidugsamssofiad, 3old @wed except that

in St %&O@@h@ﬁm%oilfalbd&wmﬁhb*wnfms%,11ﬂrmﬁﬁﬁo<@i 2. nmethyl §
Gignard, was reacted wth _‘?rams of 3,3-di(4-_. nethoxy

_6, 11- di nRkB¥AaN $90REOMRER iy T Zrams; pf n%p?ﬁifﬁﬂailéne Pr‘tﬁ";ﬁ’;r &Hagoz‘i‘ﬁ oduce
1.0 gram a)fmaﬂi&mspalihtmf  oxcHeato°t hata aMR3 BpactRin ishgweai the Of
148-150[err spectrum showed_t he Q,&%ﬁ”gtglﬁ &qve a structure

o ot ot Bobhays iE SRR (el Ihen:

PCT/ U$95/net3r&yphenyl) -6, 11-dimethyl-13- (1-methylethyl) -13-hydroxy-
indeno[z,1-f]naphtho[1,27b]pyran.

EXAMPLE 8 _
The process of Ekample 5 was followed except that in

20 Step 7, an excess of.t-butyl Grignard reagent, in place of

methyl Grignard, was reacted with 3 grams of 3,3-di(4-

methoxyphenyl) -6, 11-dimethyl~13-~oxo-indeno([2,1-flnaphtho(1, 2-

blpyran to produce 1.0 gram of a crystalline product that had

a melting point of greater than 240°C. aAn NMR spectrum showed
25 the product to have a structure consistent with 3,3-di(4-

methoxyphenyl) -6,11-dimethyl-13- (1, 1-dimethylethyl) -13--

hydroxy-indeno[z,1—f]naphtho[1,2-b]pyran.

* EXAMPLE 9
30 The process of Example 5 was followed except‘that in
Step 7, an excess of n-butyl lithium reagent, in place of
methyl Grignard, was reacted with 3'grams of 3,3-di(4-
methoxyphenyl) -6,11-dimethyl-13-oxo-indeno[2,1-flnaphtho(l,2-
blpyran to produce 1.0 gram of a crystalline product that had
35 a melting point of 148-150°C. An-NMR'specﬁrum showed the
product to have a structure consistent with 3,3-di(4-



-29- met hoxyphenyl ) - 6, 11-di met hyl - 13- but yl - 13- hydroxy-i ndeno[ 2, 1-
f] napht ho[ 1, 2- b] pyr an. COVPARATI VE EXAMPTE 1

4- Phenyl - gvgegrfagegy/car bonyl - 1-napht hol (2 granms) from5 St epciusésifastpl e 1
and 1, 1-di (4- net hoxyphenyl ) -2- propyn- 1- ol (2 grans) were added to a
reaction flask containing 100 mlliliters (nmL) of toluene. The resulting
m Xt ure was stirred and heated to 40[err]C., two drops of dodecyl benzene
sul fonic acid were added, and the reactr8® mi xture was kept at 10 40[err]C.
for three hours. After the reaction mxture cooled to roomtenperature,

it was addegheePoPpRenial ) \63l11raiméthiyl €13 -butylhe3 dryghmixy - iageno [gad -

separated an thg gotv%? t ol uene, was renoved on a rotary .evaporator.
The resul ti g PPRBFRALL (& PIPYTERy onat ographed on silica using a 2:1 m xture
of hexane:ethyl 15 acetate as the eluant. The photochrom c fractions were

conbi ned, the solvent was evapoCOMBARATIME EXAMBBE kX ed product was

I nduced to crystallize froma hexane/diethyl ether m xture. The
recovered crystals verg gifdRA -30fefhdkfiibong1-1-apgtthol - 42 afFand) Eroruct
having a nelting point of 168-169[err]C .6 20 An Nl\/%_lslpeﬁtrum shomeld tlhe
product td HiaeP 3 efrExatple 1 apgdnl; LidhtéWethoxypheryl) -2-propyn-1-

2, 2-di (4- net f0xtRRNBNYWerd -ddidd tpcar beaytidr £lask containing 100
phenyl - [ 2H] - napht.ho[ 1, 2- h] pyr.an. . . - Exanpl e 10
25 : mf¥1£ﬁ1tL;é (éﬂ) ofitolﬂg??./\The resulting mzxﬁgg?iﬁasmas done
with sel ect estiphreidoahdoneated twaghftiopyowendropdidfe dodecyleerzensyuar e

pol yneri zat e po | V& EnitRRar 6ds fi at

di et hyl ene éﬂgﬁ%@&l agigfg?%réﬁgggbo%t e ﬂeczz?r?%gts:j tion sold bg/s PPG 30

| ndustri @&, 497€. Eevicrhaeee hQuzsEgnATERT CRe3eaeRHion ALXEUTE cooled, g

measured -1/ 4r36ﬁ?'%eﬁn?e§a€'@fﬁ,i N @as) adddd | 18 @S eqlal voluneebEi wdterrs) x 2
i nches (5.1 centine ersi. ‘The test s

fol | owi ng prRe@FEanit, ?ﬁﬂfﬁsn85??2%‘%&Sa%§h§fé§%+%hb$§1$%?%ﬁh§vafo _
wei ght per cefdms@iduibhoa rocaryl evapbratat ur €hef reshjtingelvesliidse: wad uene. The
solution mascﬁggagtographed on silica using a 2:1 mixture of hexane:ethyl
| 15 acetate as the eluant. The photochromic fractions were

combined, the solvent was evaporated, and the desired product

was induced to crystallize from a hexane/diethyl ether

mixture. The recovered_crystals were dried and filtered to

yield 2 grams of product having a.melting point of 168-169°C.

20 2An NMR spectrum showed the product to have a structure
consistent with 2,2-di(4-methoxyphenyl),S-methoxycarbonyl,GQ

phenyl-[2H]-naphtho[l,z-b]pyran.

Example 10
25 | Part 3
_ Testing was done with selected photochromic

naphthopyrans imbibed into test square polymerizates. The
test square polymerizates were prepared from a diethylene
glycol bis(allyl carbonate) composition sold by PPG

30 Industries, Inc. under the designation CR-307 optical resin
and measured 1/4 inch (0.6 centimeters) x 2 inches (5.1
centimeters) x 2 inches (5.1 centimeters). The test squares
were imbibed by the following procedure. Each naphthopyfan
was dissolved to form a 10 weight percent solution in a 1:9

35 mixture of ethyl cellulose:toluene. The solution was then
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- 30- spin coated onto the test squares and allowed to dry. Sanpl es

were thpookresogd in a hot-air oven at 135-155[err]C for %ﬁﬁgﬁ?‘ﬁ@ o
S

time sufficient to thermally transfer the photochromc |n

squares. After cooling, the ethyl cellulose/toluene 5 resin filmwas
renoved fromthe test squares by washing with acetone. The residence
time in the oven for the test squares30o- was adjusted to inbi be anounts of
t he napht hopyran conpounds t hat woul d yi eld conparabl e absorbance val ues

at the | alda coat 88%ohtd ) et ée*&% b&%i‘é&'%{d %‘i’i’BQH.gdéo t%%' Samples .

The phot ochromc test squares A were teste
r esponse WeRee $hBR Hﬂa'éﬁfil’é’hla E’@ﬁcﬁer‘PY‘iﬂ 3ty 135-188{ ¢ nfpn@ meuggt i cal

bench, ths lﬁhﬁboﬁﬁfﬁmi‘eﬁte&to wéaman;&mgfeexeaa%é&éﬁ%ﬂ%ﬂ@ﬁ%ef
uItraV| Ol?’gn |eght for a outAfl n‘inutes to a tlvate the otochrom c
compound< hefTytERty ALSEX; §°9 ’iﬁ’erﬂece(’ii‘@ teduppfytes to
bl eachs t hmsin fhbhowds arénovedfrondshe THest eqhas-qsalsxe&zamﬁexgt keancool ed to
roomte e, fI S | for at 20 least 2
hour s ag%%r %tg#gkep?ﬁgg‘?/eg%é q’fcorw{“glgrgg{h%%%?ﬁrs pr| €8 §WBEEPng on an
optical Ivaschdinshedi tredmiibespBOURES (08, Q{%mpm‘—hOpyran compounds The

opti cal %hWSQ!LTHr% %olni&r%&& 3648 batide valh@bTar %rid!1d3ba0 | anp,

power supplles for | anp condensi ng | enses as nee mai nt ai n
col I i mat &8 i(§H} Bﬁa‘i‘f%e ﬁdflﬁ’dﬁPBBt ROPRAHFEIS 2 renpte controlled shutter, a
coppero sul fate bath acting as a heat sink for the arc lanp, a Schott

WG 320 nmcut-off filter which rgnoveg short vvav'el ength radi ation, '

neut r al densityf'il er ,'a'sar?le in which Ieto be
tested i s i nserted Eﬁ%ﬁ:&ﬁ%mf‘ Fhgst I%We§0°ﬂe?ae‘?t @r weﬁﬁdt?%'éﬁ%rret er
assenbl y fox @hbtaclefmic MREPoee, raték on anTBRBSCAD bdIRINt apmag tde

al i gnment_of the aforestated conponents durjing testing

Change i Fe§5LPEaPn dehRiMRF4Rer PRoER) ‘i PROSAFRECHES tesrdéﬂéﬁﬁ?ﬁed by=
i Nser {3 NGre¥ePBRHOSEE HB O s HandAEPEL Wit olet light for about 15

minutes to activate the photochromic compounds and then placed
into a 76°C oven for about 15 minutes to bleach the
photochromic compounds. The test squares were then cooled to
room temperature, exposed to fluorescent room lighting for at
20 least 2 hours and then kept covered for at least 2 hours prior
to testing on an optical bench maintained at 75°f (23.9°C).
The optical bench comprises a 150 watt Xenon arc
lamp, a tungsten lamp, power supplies for both lamps,
condensing lenses as needed to maintain collimated light beams
25 from both lamps, a remote controlled shutter, a copper sulfate
bath acting as a heat sink for the arc lamp, a Schott WG-320
nm cut-off filter which removes short wavelength-radiation,
neutral density filter(s), a sample holder in which the"
‘sample to be tested is inserted, a.photopic filter, light
30 detector, and radiometer assémbly; a'strip chart recorder, and
a means for maintaining the alignment o: the aforestated
components during tesning. | _
Change in optical density.(A'OD) of a sample was

determined by inserting a photochromic'test sample in the
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- 31- bl eached state into the sanmpl e hol der, adjusting the
transm tt awo®eaas¥se to 100% opening the shutter fromthe POHOSREP to
provide ultraviolet radiation.to change the sanple fromthe bl eached
state to an activated (darkened) 5 state, neasuring the transnittance

t hrough the sanple. The transmttance was neasured by directing a beam
of light from t he tungsten lanp at a s#kd | angle normal to the surface

of t he sanE t hrough the sanple, and_ to _a photopic filter, | i ght
det ect or andPiearkepriaiatesdassl fhe sampifohoifers |3diysting heses

wavel engt hs gughshidtardde s%%tleC&suaw Gbehfg’ ERPUiR ter Bhom NErd1uman eye

and produces output signals that are processed by the radioneter. The
change i n opXesah mmcyprovmg vitxavinles xadbarhiony toochange dibrul a [err]

Q0=1 0g( 100/ r{% %“ﬁe Iogar %19.3%-{12? &t BﬁagéﬁJét%'&CQdEPk%xE@d)aCt ' vated

state 15 a m|s asel

DM n, wsi clstaeprenea:su;rnﬂge themsranmitt;tam’ce thtéaglp tikeoshmple C qu)ound S
response to was neasur ed . the fir ive seconds of WV
xpboure, |+ hENeBRTrEtulsE RS ReaStEed ) HizefEin S hesm. 87 TR £ | cal
density (OD) tR0 tufgstatkaampneer ai sl GilgleOAditha Dt dhet Barfadd JofOD/ M n,
except UV exposure was continued for. 20 m_nutes. The | anbda max (Vi s)

is the wavel éﬁ@t RaTRle hFRFoush Ehe RanBlem ARAWRP ch RIGEOPLChi}thRIm

- absorption ohighe ééééé@re‘inﬁCQEQi&Qétéﬂrst%bi?e TheP BRLEEHL O N 13 te@mpound
+in the test square occurs. The bleach 25 rate 1/2)- is the tinme

“interval 10nh Passagswavglengths s&ﬁbo?*b%l-’n(Fé‘eomdei:ﬁét%tﬂr%tcédth%r?ﬁﬁﬂ"’nﬁﬁe
- napht hopyr a”oE”tﬁthumarI %)er afHape d& d %%Bu?”&b%lﬂ s] g hhghest

absor bance at room ature F, 23 C) after renoval of
t he source oproceaeedm ithe hraghpmemnsm tThef ghange igoppoanal dgnsity

Exanpl 85 30 y36Cch B AIGH dddol@bhg do the rormi®2% 142385 (100/47a)

PCT/ US95/ 143
where %Ta is the percent transmittance in the activated state

15 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 density (OD)

20 was taken under identical conditions as the A OD/Min, except
UV exposure was continued for 20 minutes. The lambda max
(Vis) is the wavelength in the visible spectrum at which the
maximum absorption of the activated (colored) form of the
photochromic compound in the test square occurs. The bleach

25 rate (T 1/2)- is the time interval in seconds for the
absorbance of the activated form of the naphthopyran in the
test squares to reach one half the highest absorbance at room
temperature (75°F, 23.9°C) after removal of the source of
activating light. Results for the compounds of the Examples

30 are tabulated in Table 1.



Part C The principal products of the Exarrplé Conmpounds wer e

di ssol ved in diethylene glycol dinethyl ether. The concentration of the
resul t i wpewd4s9é ons was approximately 0.5 5 m | ligram per P@I}dsb&h&%- Each
solution was tested in a W spectrophotoneter to determne the

wavel ength in the ultraviolet range closest to the visible spectrum at

whi ch the absorption of the photochrom c conmpound occurs. These

results are reported as the |anbdad®err]) max (UV) in Table 2. 10

The | anbda max (Vis) is the wavel ength in_the vi si bl e spectrum at which

t he maxi num absorption of the acERERed (colored) formof the

phot ochrom ¢ conmpound in a st square _occurs. The | anbda max (Vi s)

wavel engt hs reportedhe Prilﬁc?aﬁ} epx?%é‘rté QE: Bhei Fearple Ceupounss frere

phot ochr 0@1§sb§§éd ikp ﬁ%&wéne%w1 BhRthpl &Mdr A eRethe optical bench
of Part | ar absorptivity or nolar. extinction

coeffici eﬁPnFFéFF?'}qubmfr the Fﬁsq'h%iltg Bolytigns| was approxinareiinds S I of

t he phato i et r so ution

bt he o 2ifad BROUALY By Befl CENGE BEIGLIGE vill TG BT £LRP]

spect roph@penerephmmet(elx) tnudetgtm:ema ltfpet Iwevelemgnh:ant r.hel on of t he ]
hot ochr o u S I ter ccoJ to the

Porm o PafrRoIBRe hare b 8lebl (G viskhle Attt af aRidH e

spect r ophabsoepeiod af a:he photocﬁrﬂﬁc?ﬂoﬁbeﬁndl SEh s .SOlTHes@ Nreultel ect ed

. 14
EXC-?-/”FJSSS;:%E Oggggréend as t%xe 1ambgau;etmg:rt ?tlil\?)r t:.zn QI‘ealblle 2. VD 96/14596

10 ' ' The lambda max (Vis) is the wavelength in the ‘
visible spectrum at which the maximum absorption of the
activated (colored) form of the photochromic compound in a
test square occurs. The lambda max (Vis) wavelengths reported ¢
in Table 2 were détermihed by testing the photochromic test
15 squares polymerizates of Part A on the optical bench of Part
B.

The molar absorptivity or molar extinction
coefficient (g) reported in Table 2 is eQual to the absorbance
of the photochromic éompound'in a diethylene glycol dimethyl

20 ether solution at the A max in the UV (A) divided by the path
length of the spectrophotometer cell (b) multiplied by the-
concentration of the photochromic compound solution in moles
per liter (M) according to the formula: € = A/bM. The molar
absdrptivity was measured in a UV spectrophotometer for a

25 2x10°° molar solution of selected Example compounds in a 0.1
centimeter quartz cell. '



.

Conmpound Sensitivity ACD @ Bl each
Rat e Exanpl e [err]OD/mn Sat uration T 1/2
(sec) WO 9614595 1.13 0. 89 PCT/US9S/145%5
2 1.20 0.79 119 3
0. 89 0.77 265 4 0. 67
0.74 : 401 5 0.78 0.73
362 6 -0.72 -33- 0. 64 237
7 0. 66 0. 64 264 ' 8
- 0.57 0.61 313 : 9 0.73
- 0. 65 206 CE 1 0. 49 0. 38
152 The data presented A4S te 1 show that each tested

conpound of thecpmpeend i nvensemsitiwityonpari sosod @ 5 ConpaBleacte Ratanpl e

(CE) 1, has a hi err] OD a Jration, ; actiu\s’a_tf%_iﬁg_
%J% W sensitsla\'/tlnk:ja/'ez‘?%rr] mn). e

and a hi gher col nrate, i.e.,
Exanpl e conpounds & so denonstraftel3

sity,
an accept &B8 bl each rat 9% . e., fade

rate. 10 Gonpound Aaxe( Nm ohar [err]iyeax (nm
[err] max (nm) Exanpl e _ uw Absor pt - (Jerr]) Vi a
(mnor) Vis (mgjo 1 0.89 361 0-7 65 -7 436
562 2 4 359 0.67 9666 0.74 435 401 560

3 359 9186 438 570 : 4

360 ... 5 443 °-78 575 97 g 362 359
10, 165 43% 570.72 6 0.64 360 237 ..
439 572 4 7 0.66 359 0.6a 9677 26a 439
577 8 362 - 440 576

9 359 8 9471  0.57 439 0.61 575 313cE 1

347 6174 o 420 ¢.73 517  0.65WD 96/ 14596 206

PCT/ US95/ 14323 45 0.38 152 .

CE 1 0.
' The data presented in Table 1 show that each tested
compound of the present invention, in comparison to

5 Comparative Example (CE) 1, has a higher A OD at saturation,
i.e., activated intensity, and a higher coloration rate, i.e.,
sensitivity (AOD/min). The Example compounds also demonstrate

an acceptable bleach rate, i.e., fade rate.

10 Table 2

Compound A max (nm) - Molar A max (nm) A max (nm)
Exanple oy Absorpt.(e) ¥Vis (minor) ¥Vis (major)

1 361 -——-- 436 562

2 359 9666 435 560

3 359 9186 438 570

4 360 -—- 443 575

5 359 10,165 438 570

6 360 -—-- 439 572

7 359 9677 439 577

8 362 - 440 576

9 359 9471 439 575

CE 1 347 6174 420 517



- 34- The data presented in Table 2 show that each tested
conpound of the present invention, in conparison to CE 1, has - a higher X
max UV WQI9¢/Es9d nmax Vis of the major peak which dermnfpcsﬁ(?]

bat hochromic shift in the UV and visible 5 spectra, and a higher m)zfar

absorptivity or nolar coefficient of extinction ([err]) in the W
spectrum The present invention has been described with
reference to specific details of parti-@4tar enbodi nents thereof. It is

not intended that such details be regarded as 10 limtations upon the scope
of the invention excemps dat*aob&éseﬁted i Tdbdecat SRéw tdlait daey 8escédic! uded

in the ac n 8, WO 96/ 14596
PCT/ US95/ %%@g{l}{h 9¢ thé p‘}le t invention, in compar:.son t%CE 1, h§sc| ai m

1. A naghhigb¢r ak masIBuRdr &mwse\htsecbfbyhehmajor gealkd ehiioly gr aphic
formul a: gemonstrates a batho\éﬁf%ﬁie’shift in the UV and visible [err]
5 spectra, and a higher molar absorptivity or molar coefficient
of extinction (g) in the UV spectrum.

The present invention has been described with
reference to specific details of particular embodiments
thereof. It is not intended that such details be regarded as

10 limitations upon the scope of the invention except insofar as

to the extent that they are 1ncluded in the accompanying .
claims. :



(a) HRerr] and R2 together p, a spiro 10 heterocyclic
~group having 2 oxygen atom;l mpuiﬁ Hﬂ carbon atons including the
~spirocar bwose/nssps or R err] ach hydr ogen, hyefifosss/14323

Cerr]-C6 al kyl, C3-C7 cycloal kyl, all yI phenyl, nono-substituted
phenyl, benzyl, nono-substituted benzyl, chloro, fluoro, the group,
-C(OW wherein Wis 15 hydroxy, Cerr]-C6 alkyl, C[err]-C6 al koxy, phenyl,
nono- substit ut ed phenyl, ami no, nono@€ferr]-Cerr])al kyl am no, or

di (Cerr]-Cerr])al kyl ani no, or R[err] and R2 are each the group,
-ORerr], V\/nﬁr@iaﬁnﬁ[err] is Cerr]- al kyl, phenyl (Cerr]-C3)al kyl,

nmono(CJerr]-Cerr])al kyl stit ' hen err

mono(Cf err] - err])al kdxy sgbg??lf °é’a"-'56‘ %‘1“3% s&%ﬁ%:}%}f “’E[ err]-C6
al koxy( C2- CAfjel lopingCgraphic faxymilaal kyl, nono(( err]-C4)al kyl substituted
C3-C7 cycl oal kyl , Clerr]-C6 chloroal kyl, C[err]-C6 fluoroal kyl, allyl,
t he group, -CH(R6) X, wherein R6 is hydrogen or CJerr]-C3 alkyl and X is
CN, CF3, or COOR7, and R7 is hydrogenRar (CJerr]-C3 alkyl, or Rerr] .is
the 25 group, -C(OY, wherein Y is ¥ Clerr]-C6 alkyl, Cerr]-C6

al koxy, the unsubstituted, mdRslmo Btut ed aryl groups phenyl
or napht hyl, phenoxy, nono- or di-(Seftd I substituted
phenoxy, nono- or di-((err]-C6)al koxy sbd phenoxy, am no,
nmono(Cferr]-Clerr])al kylam no, di(Clerr]- Bm no, 30 phenyl am no,
nono- or di-(C[err]-C[err])aIkyI substl' WO

96/ 14596 : ] _

- 36-- or nono- or di -(C[er_r]-,CG)a gubstituted phenyl am no, each of
sai d phen$l, benzyl and aryl group substituents being (Jerr]-C6 al kyl
or CJerr]- C6 al koxy; (b) R3 and R4 are each (Jerr]-C6 al kyl,
Clerr]-C6 algein,> chl oro, .or fluoro, and mand n are each the integers
0, 1, or 2; (c) B and B are each selected fromthe

gr oup consi sting of - (i) the unsubstituted, norfo-,

di-, and tri- .10 substitayt ed; aayd zgg%g&chebefwfm@mo&apaf&ﬁ,, a spiro
(i) the nggbstltut d, nono- I - substltut d aromatic
heterocy&$| gﬁflﬁﬁ?“pfqﬁ%%?gl °xyg?ﬂnﬁﬁfpﬁr3ﬂ r£Eéﬁzsfuran-S-yl,
t hi enyl bemmtbnrer&tbm;l ;nclud:h@mehspnr&gdhons a:dmarq:l' lﬁndnar Byoare
heterocycll each hydrogen, hydroxy, C,1-Cg alkyl, C3-Cy cycloalkyl, allyl,
phenyl, mono-substituted phenyl, benzyl, mono-substituted
benzyl, chloro, fluoro, the group, -C{(O)W, wherein W is
15 hydroxy, C;-Cg alkyl, C;-Cg alkoxy, phenyl, mono-substituted
phenyl, amino, mono(C;-Cgl)alkylamino, or di(C;-Cg)alkylamino,
or R; and R, are each the group, -ORg, wherein Rg is C;1-Cg
alkyl, phenyl(C;-~C3)alkyl, mono(C;~-Cg)alkyl substituted
phenyl (C1-C3)alkyl, mono(C;-Cg)alkoxy substituted
20 phenyl (C1-C3)alkyl, Cl‘Cé alkoxy(Cy-C4lalkyl, C3-Cq
cycloalkyl, mono(C;-Cg)alkyl substituted C3-C; cycloalkyl,
Cl—cslchloroalkyl, C1-Cg fluorocalkyl, allyl, the group,
-CH(Rg)}X, wherein Rg is hydrogen or C;-C3 alkyl and X is CN,
CF3, or COORy, and Ry is hydrogen or C;-C3 alkyl, or Rg is the
25 group, -C(0)Y, wherein Y is hydrogen, C;-Cg alkyl, C;-Cg
alkoxy, the unsubstituted, mono- or di-substituted aryl groups
phenyl or naphthyl, phenoxy, mono- or di-(Cp-Cg)alkyl
substituted phenoxy, mono- or di- (C;-Cg)alkoxy substituted
phenoxy, amino, mono(C;-Cg)alkylamino, di(Cy-Cg)alkylamino,
30 phenylamino, mono- or di-(Cl—Cs)alkyl substituted phenylamino,



15 substituents in (c)(i) aanﬁ bei n j sel ected fromthe group
Ak

consi sting of hydroxy, am no wl | kyl am no,
ﬁ" o, pyrryl, %F’é;%% .
f1 ucr oal kyl , C[er - } ?xy,

di (C erwbdgaysyeky! am no, pip

8
al kyl, Cerr]-C6 chloroal kyl, err]
nmono(Cf err]-C6) al koxy(Cerr]-C4)al kyl, acryl oxy, nethacryl oxy, chloro 20
and fl uoro; (it ) t he groups represented by the
fol |l owi ng graphi ¢ formul ae: -derr] 25 wherein Ais carbon or
oxygen and D is oxygen or substituted nitrogen, provided that when Dis

substi t ut 0 hS_ an, bst Ltuen ei ng
sel ected from tcfr g"%n:gr (gs n%?ﬂstl ngu(%?}:lg rog%q‘%%éf?‘ C6ead‘f53<)ﬂ and
C2- C6 acyfaigphemn erlsyqetm]am SrRYD, Sﬂp%trquue@@sabkmg cay oxy,
chl oro oraikyf Idr_—orgl,- g[ gm],xfmd Rlerr] are each hydrogen or Cerr]-

| kyl ;: and i's thelnte er 0, 1, or 2; WO 96/ 14596 : _ |
gcry Us95/ 14223 (b) gnd Ry are each’'C;-Cg alkyl, 39;-Cg alkoxy, |

(iv) Cﬁercl]lcﬁ{cer ok &tlhysi:-o, Gutd 1} -3d ahhoe 0gddty theCliategesfd o, if,| beroal kyl,

derr] al koxy(d err]-C4)al kyl, C3-C6 cycl oal kyl, erno(C[ err] Co6)

al koxy(C32'C6) cycl oal kyl, nono((C err] Co6) al kyl ( C3- C6) - cycl oal kyl ,

chl oro( C3- C6) cycl oallky| Bndnfll BoraxeCIpach) spteoted frdmy itheagtioup

(v) the S AR 1R BNt ed by the follow ng graphi c formul a: [err]

(i) the unsubstituted, mono-, di-, and tri-
10 substituted aryl groups, phenyl and naphthyl;

(ii) the unsubstituted, mono-, and di- ‘
substituted aromatic heterocyclic groups pyridyl, furanyl,
benzofuran-2-yl, benzofuran-3-yl, thienyl, benzothien-2-yl,
benzothien-3-yl, said aryl and érumatic heterocyclic :

15 substituents in (¢) (i) and (ii) being selected from the group
consisting of hydroxy, amino, mono (C1-Cg)alkylamino,
di (C;-Cg)alkylamino, piperidino, morpholino, pyrryl, C1-Cg
alkyl, C;-Cg chloroalkyl, C;-Cg fluorocalkyl, C;-Cg alkoxy,
mono (C,-Cg)alkoxy (Cy-C4)alkyl, acryloxy, methacryloxy, chloro
20 and fluoro;

(iii) the groups represented by the following

graphic formulae: '

e oo

Rep ®p D

wherein A is carbon or oxygen and D is oxygen or substituted
nitrogen, provided that when D is substituted nitrogen, A is
carbon, said nitrogen substituents being selected from the
group consisting of hydrogen, C;-Cg alkyl, and Cy-Cg acyl;

30 each Rg is C1-Cg alkyl, C;-Cg alkoxy, hydroxy, chloro or
fluoro; Ry and R;o are each hydrogen or C;-Cg alkyl; and p is
the integer 0, 1, or 2;



10 wherein X is hydrogen or (Jerr]-C4 alkyl and Z is selected fromthe

unsubstituted, nono-, and di-su of the group consi sting
of napht hyyo ogi@Esy! - furanyl HIIIIHIM Ilﬂi EIIII sai d gy

substituents being C[err Cerr§y-& &l koxy, fl uoro, %F“ﬁl or o;
or 15 (V|) B and B taken toget her form fl uoren-9-

yl i dene, nmono-, or di-substituted fluoren-9-ylidene or a nmenmber sel ected
fromthe group consisting of saturated Ga#l2 spi ro- nonocyclic

hydr ocarbon rings, saturated C7-Clerr] spiro- bi cyclic hydrocarbon

rings, and saturated C7-(er, SRNT .l na i each
of gal d fluoren-9-yli deng[ (Elgl).lb?llll teﬁe%'?lgﬁ)e déer:ﬂigi-%’f@{ﬁ crI:'reagroup
consi sting ofleprealkyds Ci- ﬁtkaylko’a[(@urﬁtﬂlb?koﬂa Cgl apebraykylohl oro.

2. The napRéhoRy, @})Oﬁlﬁbﬁﬂ@: dm%&%uealﬁél mono (Cq -C Amquja{eer} and R2

are each sel ected ragmthe sistin

ore each ool et PO A L S oth o cessiroof ydeoben ) igsie: -
wherei n Rseralkys; andCl- C3 al kyI phenyl (derr]-C2)al kyl,

nono err]-C3)al kyl bstit

rmnogg[[err} CSg al k)c/)xysgu?)slt i ?Et ed:hfo ‘éﬁyﬁ@%%ﬁ% €Y% &Prorsng

al koxy( C2- CAgyrapdyic fiorewihs: C3 chl oroal kyl, Clerr]-C3 fluoroal kyl, the

group, - -CH(R6) X, wherein R6 is hydrogen og (Jerr]-C2 alkyl and X is CN
or COOR7, and R7 is hydr ogen or C[e 'C? aI kyl, or Rlerr] is the group,

-C(OY, wherein Y  is hydrogen, rgé,} gl kyl, Cferr]-C3 al koxy,
phenyl , napht hyl, WO 96/ 14 PCT/ US95/ 14323
- 38-. nono- substituted aryl groups, phenyl or naphthyl, phenoxy,

nono- or di-(Cerr]-C3)al kyl substituted phenoxy, nono- or di-
(err]-C3)al koxy substituted phenoxy, nono(( err]-C3)al kyl am no,
phenyl anilfo, wvhersin & igi hydregern oxCiafkydlkydbandtditis qsﬂenye@nfm the or

mono- or di- ﬁﬁ\%éd;tgﬂaa' kﬂéﬂosu% HELQ%Q@PE%%Q%&Q%LSG&Q groﬁ% yl

substituents being Cil- ‘){ er al koxy (b) *R3
and R4 are eﬁ‘&?ﬁ’(ﬁq’éﬁﬂ °é3n§P Syl C3f‘é’r"k'653y and BhieAyior §2ckn®t m and
n are each tggid rgReRy subseitdénts be:.ng C1-C4 dXWyl,Bcgrd, Balixgy,each
sel ected froglthe group
oro, or chloro; or
15 (vi) B and B' taken together form fluoren-9-
ylidene, mono-, or di- substltuted fluocren-9-ylidene or a
member selected from the group consisting of saturated C3-Cio
spiro-monocyclic hydrocarboh rings, saturated C;-C;i; spiro-
bicyclic hydrocarbon rings, and saturated Cy-Cj5 spiro-
20 tricyclic hydrocarbon rings, each of said fluoren-9-ylidene
substituents being selected from the group consisting of Cq-C4
alkyl, C1-Cg4 alkoxy, fluoro and chloro.

' 2. The naphthopyran of claim 1 wherein,

25 ' (a) Ry and Ry are each selected from the group
consisting of hydrogen, hydroxy, C1-C4 alkyl, C3-Cg
cycloalkyl, chloro, fluoro and the group, -ORg, wherein Rg is
C;-C3 alkyl, phenyl(C;-Cplalkyl, mono(C;-C3)alkyl substituted
phenyl (C1-C3)alkyl, mono(C,;-C3)alkoxy substituted

30 phenyl(C;-C3)alkyl, C1-C3 alkoxy(Cy-C4)alkyl, C1-Ci
chloroalkyl, C;-C3 flucroalkyl, the group, -CH(Rg)X, wherein
Rg is hydrogen or C;-Cj aikyl and X is CN or COOR7, and Ry is
hydrogen or C;-Cy alkyl, or Rg is the group, -C(O)Y, wherein Y
is hydrogen, C;-C3 alkyl, C1-C3 alkoxy, phenyl, naphthyl,



10 consi sting of: (1) henyl nono- substi tuted phenyl,

g 55 e AN, i T

benzofuran- 15 2-yl, thienyl| *an8l benZbt Hi eA-2-yl, said enyl aéﬁ
aromatic het er ocyclic substltuents in (c)(i) and (1) be| ng sel ected
fromthe group consisting of hydroxy, am no, nono((err]-C3)alkyl -

am no, di (C[err]-C3)al kyl am.no, pi pert+3i-no, norpholino, pyrryl,

Cerr]-C3 alkyl, CJerr]-C3 chloroal kyl, Clerr]-C3 fluoroalkyl, Cerr]-C3 20

al koxy, npoes qm@%)ﬁh%eayéﬁf féi’ro@ abhihylf b Helb 1R ¢ NpRERo

(iii) the groups represented fal | owm graphi'c” formil ‘ae: -
[err] 25 ‘“°n%é?re|d|’r'Acﬂ.scab?Hﬂﬂ- aﬁ‘rﬂ’sﬁlfih‘tﬁﬁ °"RB F‘§n€['e?¥]d’€‘,3 al kyl or
Cl-&3 al kawcﬁ[aﬂH&okyaBdbE{:ﬁﬁlﬁ&etﬁrpﬁxeﬁ%&? hm&nj@ ) alkglahing, al kyl ; and

h 0 -4 kyl : d 30
P ° e BRBamBcacBRies B HielSioCedntingt r5¥BPwaJLeer°'a” VO

96/ 14596 or mono- or di- (Cf%ﬂ]1£1K3xv4323st1tuted phenylamino, and said

- 39- _ Skgi ein X is hydrogen
or net hyl r% %?H%§15H§ﬁt? %ﬁl?ﬂ)c C3 a St ngaf3pﬁeny¥§ sai d phenyl
substituent being sébéct@d andf Rgnaxeheagho Gp-Camlkxl .nFiroC3CrEkeFY C3 al kyl ,
Cerr]- C30@|f(ﬂi%o,aﬁﬁd5mf£ﬂ@_r19 a*¥ each the integers 0 or 1;

(c) B and B' are each selected from the gréup
10 consisting of:
(i) phenyl, mono-substituted phenyl, and di- !
substituted phenyl; .'
(ii) the unsubstituted, mono-, and di-
substituted aromat1c§ heterocyclic groups furanyl, benzofuran- <
15 z-yi, thienyl, and benzothien-2-yl, said phenyl and aromatic
heterocyclic substituents in (c) (i) and (ii) being selected
from the group consisting of hydrbxy, amino,“ mono (C; -C3) alkyl-
amino, di(Cl—C3)alkyiamino, piperidino, morpholino, pyrryl,
C,-C3 alkyl, C;-C3 chloroalkyl, C;-Cs3 fluoroalkyl, C;-Cs
20 alkoxy, mono(C1-C3jalkoxy(cl-c;;)al'kyl, ‘fluoro and chloro;
(iii) the groups represented by the following

graphic formulae:

oo W:I bl

25
wherein A is carbon and D is oxygen, Rg is C;-C3 alkyl or
C,1-C3 alkoxy, Rg and Rjg are each hydrogen or C1-C4 alkyl; and
P is the integer 0 or 1;
(iv) C3-C4 alkyl; and
30 (v) the group represented by the following

graphic formula:



(Ji) B and B' taken together forma fluoren-9- yitdene, nono-substituted
fluoren-9-ylidene or a nenber f"ﬁ group consi sting of
saturat ed Gigdehiadsy ' O- nonocycl m ’L ﬁ, g ngs, sat ui,@{ﬁg”(,‘i £[err]

spiro-bicyclic 10 hydrocarbon rings,’ ahd 'saturateed C7-Clerr]
spiro-tricyclic hydrocarbon rings, each of said fluoren-9-xylidene
substituents being selected fromthe group consisting of CJerr]-C3

al kyl, Cerr]-C3 al koxy, fluoro and chl ocge- 15 3. The

napht hopyran conmpound of claim2 wherein, Rlerr] and R2 are each

hydr ogen, hydroxy, (err]-C4 al kyl, or the g 9roup, -OR[err], wherein
Rlerr] is (Jerr]-C3 alkyl; R3 and R4 are eq?h Cerr]-C3 al kyl or
Cerr]-C3 al koxy, and mand n are each p @tegers O or 1; and B and B
are each selected fromthe group 20 co SIStI of phenyl, nono-, and

di - substituted phenyl, unsubstituted, nono-, and di-substituted aromatic

het I b f -Yl, . thi ., d

het e 05y Cl 1 wpee818-850 Hoer PEIREMATZY b 18 A o2
subst it uent s subshitured ghenydd Babd phenyjr csupstbigerst ibegngf sélekted/,
Clert] - C3 25 cuabkbhe Sk lostiduabkay e (d U600 7R ohLOKR: 2BRfles Nl OUD

represented b
96/ 14596 S5 £luoro; or pCT/ US95/ 14323

- 40- wherein A is car bO(\rﬁndaEAﬂ& EOXYEREn Ehfthkerl ofth&d rﬂn&eaLbyl or
Cerr]-C3 al koxy, Rerr Rgerr are each _hydrogen or CL ?QA al kyl ,
and p i s YiLfEeng¢ °1:F“6’is tuged FlyqreR-o¢ %%#’t%g’étﬁ n
f1 uor en- 9- ylsdeaeteadﬁrﬂmuqﬂe deoep oonsidtitgnef sacureitedr OyCglespaross
blcyclo(3 %%BSe? §£3ﬁy&¥%éarbon rings, saturated C4-Cjq spiro-bicyclic
10 hydrocarbon rings, and saturated C;-Cyg spiro-tricyclic
hydrocarbon rings, each of said fluoren- -9-xylidene
substituents being selected from the group consisting of C1-C3
alkyl, C1-C3 alkoxy, fluoro and chloro.

15 3. The naphthopyran compound'of claim 2 wherein,
Ry and Ry are each hydrogen, hydroxy, C;-C4 alkyl, or the
group, -ORg, wherein Rg is C;1-C3 alkyl; Ry and Ry are each
C1-C3 alkyl or C1-C3 alkoxy, and m and n are each the integers
0 or 1; and B and B' are each selected from the group.

20 consisting of phenyl, mono-, and di-substituted phenyl,
unsubstituted, mono-, and di-substituted aromatic heterocyclic
groups furanyl, benzofuran-2-yl, thienyl, and benzoéthien-2-y1,
each of said phenyl and aromatic heterocyclic substituents
being selected from the group consisting of hydroxy, C;-C3.

25 alkyl, C1'C$ alkoxy, fluoro and chloro; and the group
represented by the following graphic formula:

A
Ry
ﬁnxl{m
Rep

30



4. A napht hopyran conpound sel ected fromthe group consisting of:

(a) 3-(4-nmet hoxyphenyl) - 3- ( ,mgmmnln phenyl %b)13 10
hydr oxywaonskzrasse?, 1- f ] napht ho[ PCTIUS95/14323
3, 3-di (4- met hoxyphenyl ) - 13- hydr oXy- 13- fet hylx -

I ndenol[ 2, 1-f] napht ho[ 1, 2- bl pyr an; . (c)

3- (4- net hoxyphenyl ) - 3- ( 2, 3-di hydr obenzof ur-5-yl)-13-

hydr oxy- 13- net hyl -i ndeno[ 2, 1-f ] napht hof{4®-2- b] pyran; 15 (d)

3- (4- met hoxyphenyl) - 3- (2, 3- di hydr obenzof ur - 5-yl ) - 13-

acet oxy. 6 ublexdLEEANGY YodsbdiE W) bl 18 °0Rfderl N aBNENOE]. iy o] PV AN

| -"13 th
el 2. P CaaphRREY L 58 ) Ran, asp Sack Eydepgen or 'C;-C; alkyl, and
3, 3- di ( 4- petisoxiphinyégers-omeirhyl;- k-8Bl amd ®'13akén together form

S S (o ARt ey L{AR) Mahaft Il PULALY pornylsdend ) -
met hy| €t hyiopbeznyy idens mmmyg;ms]maqdmmmpzymman (h)

3- (4- et hoxyphenyl ) - 3- (3, 4- di net hoxyphenyl ) -6, 11- 25 . o
di met hyl - 13, 13- di propyl -i ndeng[ 2, 1-f ] napht ho[l 2- b] pyran; and (1)
3, 3- di (4- met hoxypherfi ) - 6 PARNGROPNFRN 1 Sompeynd Eelected from the -

hydr oxy- i raenp| dodsidtiphideal 1, 2- b] pyr an. 5. A

' i ¢ host terial and a
Dot oo e e e me e e A
6. THe M@onhfmdenm ilclf@naphthalmS-bipgtann - the poI yneric organic

host material ig,)sel fr 35,¢C |st| _
poly(Cderr]-d e(r%r] f%’quﬂ( acr%s ) §'3 y’(%%%%l(%eéﬁgl ‘
di met hacr yraeesy2, MM@%@M?B@WM

-41- met hacggyl atﬁ()@ m@ehbx&ﬂ%@n@elsat@ 3C8ih r{zfokﬁgegg%ﬁ_n-

cel lul ose_acetate I,onat.e ose acefate butyrate, nyl

acet ate), hb'gF PEYT %Irty&hép deng 2 ¥ lRAPhtholh rhlRyransol y(V| nyI i dehe

chloritse), ther(pl aas-t(i4c >mBthokypslsmyanaied 2, podykyd:kenzBely Us SyTANesS.,
pol y(et hyl@Bfoxy-6,11- -dimethoxy-13-methyl-indeno[2,1-f] naphtho[1,2-
blpyran;
(e) 3,3-di(4-methoxyphenyl)-6,11- dlmethyl 13-methoxy-
1ndeno[2 1- -flnaphtho(1, 2- -bl pyran;
20' (f) 3,3-di(4-methoxyphenyl)-6-methyl-11-fluoro-13,13-
diethoxy-indeno[2,1-flnaphtho[1,2-b]lpyran;
(g) 3,3-di(4-methoxyphenyl)-6,11-dimethyl-13-(1-
methylethyl)-13-hydroxy-indeno[2,1—f]naphtho[1,2Ab]pyran;
(h) '3- (4-methoxyphenyl) -3- (3, 4-dimethoxyphenyl) -6; 11-
25 'dimethy1-13,13-dipropy1-indeno[2,1¥f]naphtho[1,2Ab]pyran;'and
(1)  3,3-di(4-methoxyphenyl)-6,11-dimethyl-13-butyl-13-
hydroxy-indeno(2, 1-f]naphtho[1, 2-b] pyran.

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

6. The photochromic article of Claim 5 wherein
the polymeric organic host material is selected from the group
35 consisting of poly(Cy-C;5 alkyl methacrylates), '
poly(oxyalkylene dimethacrylates), poly(alkoxylatéd phencl



t‘erepht hal ate), pol ystyrene, paol *é_il —Hmrene) , o
copol y(styrene-net hyl nethacryl ﬁ r‘m ﬂ"?nm"mfne acrylonitrile),
pol yvi nyl wo ysre8s9@nd pol yners J he group copgriishbdfyssy

pol yol (al Il yl carbonate) nononers, 10 bol f uhcti onal acryl at e nononers,

pol yfunctional nethacrylate. .  nononers, diethylene glycol dinethacrylate
nonomner s, di i sopropenyl benzene nononers, ethoxyl ated bi sphenol A
di met hacryl ate nononers, ethyl ene gl ycor4bi snet hacryl ate nononer s,

pol y(ethyl ene glycol) bisnethacrylate nononmers, 15 ethoxyl ated phenol

met hacr yl at methaopplstesi k@ellalode acqrdtehydeitubdghaliagetyte) e rmﬂomsr s
and diallyli pent.aerythritol noners 7. The
phot ochr om (?%g'? |18 ? % e%etae?/ ergp\}\ﬂréar‘ée?'n lPﬁgs?)Q?%ﬁech}Fﬁﬁ%' host
materi al i spelydvinyl racetabednt poly foinyiealeohel) epdlydminhd gr oup

consi sting tﬁl?’]' ; : Yt ol gl ycol

bi smet hacr y??{%l%??&éﬂ? 0 ﬁ‘&lﬁgg'ﬁgﬁ;ad&?i spdglrsl)bl y&%ﬁ%gégyl ate),

t her nopl &t POLYCapBPRaifmho PAL¥espery( \mAuratbares) Plyl(pthriensutyral, 25
pol yur et haneezeghPRAVAEE)S, PolPBEPLESe OTpd1RalpRA IndtdRAker8fe), Of

di et hyl ene g__lf’\écglag bhzéal I ﬁﬁ’f@?{ bongt eéﬁgrt% mers, diethyl ene gl ycol

di met hacryl O848 e ;Wﬁf fo + CORRAY, PR®2 nononers,

di i sopr openyeriy2onitei Teino pelyvingl butyatalo apbtapeymiersTef hyembe s mtiane f
triacrylate n : . 3. ‘Th hotqgchrom c article o
Claim7 V\/nert g’? n8g&r1§ h%&g%l&téé“‘ﬁr 8’r"n' %01 o°rr1p(c?‘t}r]iHIi ga%roglsa%%l) N a"rlle%asrfount of
from Whorelyfogceicnal) asryllage anenanersquredyfunatiionad r methagnydaice

host materi glonsheiaCeaidtnifiient .gg%c&b%q@ememwméﬁsﬁ) 35 1is
i ncorporated .or applied. 96/ 14596 ,
PCT/ US95/ 14844sopropenyl benzene monomers, ethoxylated Jpjisphencl A 9.

The phot ochiafieehaciydte @loncGhars) &m@hrglycéhaai@iﬂehﬁaéﬁﬁa@ lens.

10. A photochrom ¢ articl onpri si pol.ynmeric 5_organi c host materia

sel ected 11 BIPPREEST R ¥ SHEFAPRReTyest) " b1bnetnderylatd nononers, L
15 ethoxylated phenocl methacrylate monomers, alkoxylated

=
-

polyhydric alcohol acrylate monomers and diallylidene
pentaerythritol monomers.

7.  The photochromic article of Claim 6 wherein

20 the polymeric organic host material is a solid transparent
polymer selected from the group consisting of poly(methyl
methacrylate), poly(ethylene glycol bismethacrylate),
poly (ethoxylated bisphenocl A diméthacrylate), thermoplastic
polycarbonate, poly(vinyl acetate), polyvinylbutyral,

25 polyurethane and polymers of members of the group comnsisting
of diethylene glycol bis(allyl carbonate) monomers, dieEhylene
glycol dimethacrylate monomers, ethoxylated phenol A
methadrylate monomers, diisopropenyl benzene monomers and

ethoxylated trimethylol 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
host material surface to which the photochromic substance (s)

35 is incorporated or applied. '



pol y(nmet hyl nethacryl ate), poly(ethylene gl ycol bi snet hacryl ate),

pol y( et hoxyl at ed bi sphenol t hernopl astic

pol ycardenaisses pol y(Vvi nyl Tl"ulmummﬁﬁlﬂm nyI butyral , polrgsesaussne and
pol ymers of 10 menbers of thé gfoup cbnsist'ing of diet hyI ene gl ycol

bi s(al |yl carbonate) nononers, diethylene glycol dinethacrylate
nononer s, ethoxyl ated phenol net hacryl at e nononers, di i sopropenyl
benzene nononers and et hoxyl ated tri ngéRyl ol propane triacrylate
nononers and a photochrom ¢ anount of the 15 napht hopyran conpound of claim
2. _ d, A -mwtpb:&ﬂcmiromact'a:tiacmmfr Clanhy & wheneiayic
organi ¢ host b r;al sel ted fromthe group consisting of pol y( met hyl
net hacryl 5F é’ gl ycol 20 bismethacryl ate), poly(ethoxyl ated
bi sphenol A di et hacr ylate), thernoplastic pol ycarbonate, poly(vinyl

acetate), polyvinyl bygyraj, Md&ﬂr%ﬂ%”@r@ﬂélé’%dﬁﬁﬁ%;ﬁé a pdBAdeie of the
group consisting of dlethylene gl ycol bis(al car bona nngoners
di et hyl Enengapds| haphenaeiiifala SE125t A oA stheesﬁs%u %‘P’éﬂj‘%’r@ﬁ

- met hacr yl 3 yTRIBeAPL Smethacrdiliatep!, openykethqmﬁ@egm?eoner s and et hoxyl at ed

trimet hyI oI propane tria | at e no hot ochr om ¢ anount of

t he 51%%5%@?@%1“@%%%"@ bisp 4ot R 12. A

phot ochr orame&wabewae@nprumm@paasuc pedlyaarboaate of peky opimydal or gani c
resin nonone n t nﬁgmﬁggyr n conpound of
claim1. aceta%esi OIWPn%%%%T Btgo onr%%lealgtﬁfic of cl :g%m 12 wherein
35 t he 10 efwemkisiree of ntbs woum@q@@nyﬁrwgz%ﬁ dierhylepe Fhygol biglal Y%o aboui

éC;?USQSI]fﬁi??ga%@61&§§ghers' diethylene glycol dlmethacrylate

14, ThenqgRRRESENr 0RFROAYIa5a% PHEREl SPRTHACTHIAES: W°n°mers'

diisopropenyl benzene monomers and ethoxylated trimethylol -
propane triacrylate monomers and a photochromic amount of the :

15 naphthopyran compound of claim 2.

11. A photochromic article comprising a polymeric
organic host material selected from the group consisting of
poly (methyl methacrylate), poly(ethylene glycol

20 bismethacrylate), poly(ethoxylated bisphenol A
dimethacrylate), thermoplastic polycarbonate, poly(vinyl
acetate), polyvinylbutyral, polyurethane and polymers of
members of the group consisting of diethylene glycol bis(allyl
carbonate) monomers, diethylene glycol dimethacrylate

25 monomers, ethoxylated phenol methacrylate monomers,
diisopropenyl benzene monomers and ethoxylated trimethylol
propahe 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 naphthopyran compound of claim 1.

13. The photochromic article of claim 12 wherein
35 the refractive index of the polymerizate is from about 1.48
to about 1.75.



:the refractive index of the poI rrerlzate is from about 1.495 t o about

go?ﬂ?l ngt | WO 96fu48sy | d- transpare "mmlmmm# mln?ccﬁgg[l o nge},%g;ﬁi“ﬁnd a

~photochrom ¢ anount of each of. a) at" | #ass + one napht hopyran conpound of
claim1, and (b) at |east one 10 ot her organic photochrom c conpound having
at | east one activated absorption maxima within the range of between
about 400 and 700 nanoneters. ~43- 16. The photochrom c
article of Caim115 wherein 15 the polyneric organic host material is

sel ected fromthe group consisting of poly(Cerr]-Clerr] alkyl

nmet hacryl ates), pol y(oxyal | ene di net hacryl ates), poly(al koxyl ated
phenol met hacryl at et cel ITheoPEOREREAWLC @atigl®sRf (GhadMed 3 ¥herein

cel lul ose acehat Ee@f@&wtmdeﬁebf LIRS Dolembl cateiliy From 2Bowe!y.(edsnyl
acetate), poly(viny] hol ), pol y(vinyl chloride), poly(vinylidene

chl ori de), Irr_\é ﬁ% 1¥'éts %60 poI ycar bonat es, pol yesters, polyurethanes,

pol y( et hylsene t erepht hal ate), pol ystyrene, poly(al pha rret hyl styrene),
copol y(styrene-net hyl gﬂacrg/lpq#o%}acﬁggagé y%z%tlyérlgng ‘3&51 g pgitrile),

pol yvi nyl butyral and po ymers dnSi'sting of

pol yol (al | yl| combboatiern. posedddstranspayieptupoloeric &R,rsynacehMOrrer s,

POl YT UNCt | ONgth BB HRCTAAIL phot BERAGRIS aniit N COe1loEC th) dhgreidiasys vl at e
nonomners, et hoxyl at ed bi Sphenol A di net hacryl ate mononers, diisopropenyl

30 benzene nﬁﬁ&nﬁ?%hué‘?maé‘né’°ﬂ¥’9%¢ 9 SHaimatr y3nd (BlpAGmkeast one
pol y(et hyioenetglaycofgarmcs Iﬁid&aehybﬁ@ dm@@ﬁﬁasnaﬁﬂymycl akasgt on¢phenol

TeIaCT Y o gERRGIELS SNl Gl (AL gl Sl or BELYLAL SyRREOTe

phot ochr om c 480t andl €709 r@mneteesvxherel n the pol ymeric organi ¢ host
material is a solid transparent WO 96/ 14596 '
-PCT/ US95/ 14323 -44- . _honopol ymer or

copol ymer sel ected from&-he Bropposerbraniqiprsicle of Claim 15 wherein  *©
15 the polymeric organic host material is selected from the group

consisting of poly(C;-Ci; alkyl methacrylates),
poly(oxyalkylene dimethacrylates), poly(alkoxylated phenol
methacrylates), cellulose acetate, cellulose triacetate,
cellulose acetate propionate, cellulose acetate butyrate,

20 poly(vinyl acetate), poly({vinyl alcohol), poly(vinyl
chloride), poly(vinylidene chloride), thermoplastic
polycarbonates, polyesters, polyurethanes,'poly(ethylene
terephthalate), polystyrene, poly(alpha methylstyrene),
copoly (styrene-methylmethacrylate), copoly(styrene-

25 acrylonitrile), polyvinylbutyral and polymers of members of
the group consisting of polyol (allyl carbonate) monomers,
polyfunctional acrylate monomers, polyfunctional methacrylate
monomérs, diethylene glycol dimethacrylate monomers,
ethoxylated bisphenol A dimethacrylate monomers, diisopropenyl

30 benzene monomers, ethylene glycol bismethacrylate ﬁonomers,
poly{(ethylene glycol) bismethacrylate monomers, ethoxylated
phenol methacrylate monomers, alkoxylated polyhydric alcohol
acrylate monomers and diallylidene pentaerythritol monomers.

35 17. The photochromic article of Claim 16 wherein
the polymeric organic host material is a solid transparent
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18. The photochrom c article of claim 15 wherein

izcorﬁ&m%h&-oakcw@@mmd s(etz)ac'tSd SEr@r itheé GEeup  fehsistdhgUEE

oy (R B bRy TR P Ee TP Tanhvidhe BaNeSb b,

oheuh@cnmahtbmpypamw(ethoxyﬂamealhﬁhﬂhen@ﬂqajdbmgthzn:ylate),

C}l[ %g‘%ogﬁ gic pol%@éfbocfda@@m ggf}p@ﬁwlh%@a@gﬁ

enzoxazi h
mmuwéppywabbmmt#eye and prlvpersend | mrftianse Pt the

napht hoxazg s c%wsagtihgd&é Id@tnylenebgp%wp&mampﬂ &drddiaga) Of such

phot ochrom ¢ conpound

he photochrom c article of

Cl ai m 18 FRAQHSTS. dﬁﬁéhﬁhﬁ?%éﬂﬁﬁﬁﬂ digerRrmyasepPeRIMRTS n an anount of
from 25 ahsdHoxy1dtelophefolrithd ilicdilaCE HoKie =G e Al i 8BpRIpedfy10r gani ¢

host mater,jal surface tgo which the photqochrom ubst anc S
I ncor porat%‘?f1 o) a58P°88rs and etthmq'eag g "z’ff'met%l@ Eh%f%ar#eom c article of
Cl aim 19 viisginyld@et monamexsl e is a | ens. _ A
phot ochromi c article conprising, in conbi nation, a polynerlc organic
host material selected from t he group consisting of poI (et hyl
met hacryl ate), 35 péPy(eFﬁ?lEh@ﬁ@ﬂ%ﬁﬂﬂlchEHE?Hhé? cdpdm 1porheredRoxyl at ed
bi sphenol éhdlidRfahder phot Sehrduiay ma&baﬁﬁacmolﬂéceéh?eaeé& from the WO
196/ 14596 - PCT/ US95/ 14323
group consisting of naphthopyrans, benzopyrans, 4
15 phenanthropyrans, spiro(benzindoline)naphthopyrans,

20

30

35

spiro(indoline)benzopyrans, spiro(indoline)naphthopyrans,
spiro(indoline)quinopyrans, spiro(indoline)pyrans,
spiro(indoline)naphthoxazines, spiro(indoline)pyrido-
benzoxazines, spiro(benzindoline)pyridobenzoxazines,

spiro (benzindoline) naphthoxazines, spiro(indoline) -

benzoxazines and mixtures of such photochromic compounds.

19. The photochromic.articlg of Claim 18 wherein
the photocﬁromic compound is présent in an amount of from
about 0.05 to 1.0 milligram per square centimeter of organic
host material surface to which the photochromic substance(s)

is incorporated or applied.

20. The photochromic article of Claim 19 wherein

the article is a lens.

'21. - A photochromic article comprising, in
combination, a polymeric organic host material selected from
the group consisting of poly(methyl methacrylate),
poly(ethylene glycol bismethacrylate), poly(ethoxylated
bisphenol A dimethacrylate), tﬁermoplastic polycarbonate,

&



- 45. pol y(vi nyl acetate), pol tvral, 'o-I yur et hane and
pol yners of nenbers of the group Emﬂf E" “ JHint hyl ene gl ycol
“bis(allyl waobgeake) nononers, di 54 di et haclgdll,@g

*

nononers, ethoxylated phenol nethacrylate 5 nononers, dii sopropen’%‘%zgnzene
nononer s and et hoxyl at ed trinethyl ol propane triacrylate nononers, and a
phot ochrom ¢ anount of each of (a) at | east one napht hopyran conpound of
claim?2, and (b) at |east one other orgam4&-phot.ochrom c conmpound havi ng
~at least one activated absorption maxima 10 within the range of between

about 400 andpd{P(VidRAMBEEESte), polyvinylbutyradd, polyRROERGIY @myc article
conprising, in conbi nati on, aﬁgol ymeric Oé%tam c .host _nmgpterial selected

from the gPRtYehofshemBest HoltPenEERYP SLEEADE PE)ALERYAERS (et hyl ene
glhycol Fi smatbmlﬁéd a:tig)(almpiyéﬁm@deal '_tmd?omefé,smeanirleléhéiigml Eacr yl ?t e),

t her mopl asti c ;pol wcar bqgnat e ol y(yin cetate),.polyvin tyral,

pol yur et hane gglaet}ixac&arl ?gﬁr'go%?m%rfbgrééo%}’l%%ee &?‘5&81 C'B%%Ifasc[lﬁig'r*agt%f _

gl et hKI ene|5 mgmgrms,bidié.abplyd:pelraﬂbmwe lmmm, and eethdxletgdycol 20

i met hacryl at m,mﬁ?ar : a Wry

dii sopropenylef)enze eoflm g@, %?a%d'%%fﬁgggga?e t'rlé%%&yplhcﬁmggg%gﬁce
triacryl ate n¥FeRl I gaghachhRlo@y dppret oneg RRPRthepPYRaRrBPopRt @f | east
one napht hopyésaiw @Pauad (Bf at XdadtTode afiexk Drgahitegsdcdih@oaiser organic

phot ochrom ¢ 25 conpound  havi ng at | east one actjvated apsorption maxi ma
Wi thin the rafSEPGHbIREEA botRESF0GRENACH DY Hhih AREDERion maxina

10 within the range of between about 400 and 700 nanometers.

22. A photochromic article comprising, in-
combination, a polymeric organic host material selected from
the group consisting of poly(methyl methacrylate), L

15 poly{ethylene 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 bis(allyl carbonate) monomers, diethylene glycol

20 dimethacrylate monomers, ethoxylated phenol methacrylate
monomers, diisopropenyl benzene monomers and ethoxylated
trimethylol propane triacrylate monomers, and a photochromic
amount of each of (a) at least one naphthopyran compound of
claim 3, and (b) at least one other organic photochromic

25 compound having at least one activated absorption maxima
within the range of between about 400 and 700 nanometers.



