WO 03/ 020718 PCT/ US02/ 25669 PHOTOCHROM C Bl S- NAPHTHOPYRAN COVPOUNDS A )
METHODS FOR THEI R MANUFACTURE Fi el d of the Invention The present invention
rel at es twophorare$ir omi ¢ napht hopyran conpounds. NMore par tPicaaisaz/b3esd t hi s

i nvention provides photochrom ¢ bis-napht hopyran conpounds as well as

met hods for their manufacture and their use. 10 Background of the Invention
Several types of photochrom c conpounds are known for use in applications
in which reversible color chance, or darkening, induced by sunlight is
desirable. These applications include for exanple, ophthal mc |enses,

solar protection lenses, 15 filters, camera optical systens, decorative
objects, windows and the |ike. However, the known conpounds are

di sadvant ageouBHOTQGEEROMIS BISoNASHTHORY BAN 6OMPOUND AN METHABSt y and
the ability to return to their FOR GihE MANDFACJM/RKl y once the activating
i ght sourte is renoved. Thus, there is a need for new 20 conmpounds w th

fast response to ultraviolet ("UV'D. j.rr-adati hi gh colorability and
long lifetine. Detail ed Descripti ol)nlelgfoﬁ?ilﬂéeﬂl%@g)r?ti on and Preferred

Enbodi ments The prEggitsennineaitodnepicovd ﬁl&ﬁo&ﬁ@mﬁ%@@hh@@ﬁaﬂ%oﬁ?mnds t hat
exhibit a 25 wide range of color, i.e., frompink to purple to blue gray,

upon act i vat iMaremparticulaby thivinyentiop prpyides phatoahkemic bikasphthepyrar adi ation i s
di sconti nued, i Qi C is.r vered. The .hi s- napht hopyran
conpounds of %oh@%ﬁgégs%rﬁé}! %vr%e?‘lﬁg é%snmre&hﬁlsgﬁ%n%f Cg“‘ésa“‘?&ebrr‘&ﬁ on ability, fast
col orati om0 response, and good fatigue-resistance. 30 WO 03/020718
PCT/ US02/ 25669 | n one enbodi nent he esent invention provides a conpound
conprising: (R) OA Baclt(grourPc{ofst?xerInventlon

Several types of photochromic compounds are known for use in applications

in which reversible color change, or darkening, induced by sunlight is desirable.
These applications include for example, ophthalmic lenses, solar protection lenses,

15 filters, camera optical systems, decorative objects, windows and the like.

However, the known compounds are disadvantégeous in that they do not
exhibit both high optical density and the ability to return to their original color
quickly once the activating light source is removed. Thus, there is a need for new

20 compounds with fast response to ultraviolet (“UV”) irradiation, high colorability and

long lifetime.

Detailed Description of the Invention and Preferred Embodiments
The present invention provides bis-naphthopyran compounds that exhibit a
25 wide range of color, ie., from pink to purple to blue gray, upon activation by a
source of UV light and that, when the irradiation is discontinued, the original color
is recovered. The bis-naphthopyran compounds of the present invention exhibit

broad coloration ability, fast coloration response, and good fatigue-resistance.

30



"Xl (R)m R'" Formula (1) 5 wherein X is sulfur or oxygen; R. R' may be
the sanme or different and are each i ndependently hydrogen, hydroxy,

hal ogen, woDtoso207¢/ano, allyl, linear or branched (Cl-C20) &CHyiso2/25669
(C3-C20) cvcl oal kyl, (C-C70)al koxy, (Ci1-C20)al kyl acetvl envl,

phenyl acetyl enyl, (Cl1-C70)al kenyl, phenylvinyl, hal o(Cl-C20)al kyl,

hal o( C3- C70) cycl oal kyl , hal o(Cl - C20) al koxy, aryl, 10 aryl oxy or heteroaryl
optionally substituted with (Cl-C6)al kyl er (Cl-C6)al koxy; arylal kyl or

het eroaryl al kyl ; nitrogen-containing heterocyclic ring having 5 or 6 atons
optionally substituted with . (Cl - al kyl. or (Cl-C6)al kox -N(RI) R2,

MR R2 wher el nbipte Rropnea, ARl ukmtoyoryePe ¢ Bty ripriing

i ndependent |y hydrogen, (Cl-C20)al kyl, (C3-C20)cycloal kyl, and optionally
15 substituted phenyl; -OCOR, -COOR or -COR, wherein R represents hydrogen,
(C1- C20)al kyl, (C3-C20)cycl @ or aryl or heteroaryl optionally
substituted vm'th(Cl-( Q@& 1 A al Koy A, A" may be sane or
different and are each i i -@) branched (Cl-C12)al kyl
(C3-C12) cycl oal kyl, aryl ( y g FaR)(C | -C6)al kyl, (C1
-(6) al koxy(C I -C6)al kyl, (C- Cl2)al Rdxy, hs=e(Cl -C12)al kyl,

(C1-C12) hal oal koxy, (Cl-Cl2)alkylthio; (b) substituted or unsubstituted
aryl groups; (c) substituted or unsubstituted heteroaryl ggo%gé; (d) a
group of the following fornulae: B 25 WO 03/020718 PCT/ US 2 869" wherein
B i s hydrogenwhéfelr ®id)salftiydrloxggergubstituted or unsubstituted aryl;

R, R" may be the same or different and are each independently hydrogen, hydroxy,
halogen, nitro, cyano, allyl, linear or branched (C;-Cyo)alkyl, (C;-Cao)cycloalkyl,
(Ci-Cy)alkoxy,  (Cyi-Cyo)alkylacetylenyl,  phenylacetylenyl, (C;-Cy)alkenyi,
phenylvinyl, halo(C;-Cy)alkyl, halo(C:-Cy)cycloalkyl, halo(C,-Cyo)alkoxy, aryl,
10 aryloxy or heteroaryl optionally substituted with (C;-Cg)alkyl or (C;-Ce)alkoxy;
arylalkyl or heteroarylalkyl; nitrogen-containing heterocyclic ring having 5 or 6
atoms optionally substituted with (C;-Ce)alkyl or (C;-Cg)alkoxy, —N(R))Ry,
CON(R|)R,, wherein R; and R, may be the same or different and are each
independently hydrogen, (C;-Cy)alkyl, (C;-Cyo)cycloalkyl, and opiionally
15 substituted phenyl; -OCOR, —COOR or ~COR, wherein R represents hydrogen, (C;-
Cyalkyl, (C;3-Cyo)cycloalkyl, or aryl or heteroaryl optionally substituted with (C,-
Ce)alkyl or (C;-Ce)alkoxy;
A’, A" may be same or different and are each independently:
(a) linear or branched (C;-Ci2)alkyl, (C3-Ciz)cycloalkyl, aryl(C,-Ce)alkyl
20 or  heteroaryl(C,-Ce)alkyl,  (C,;-C¢)alkoxy(C,-Cg)alkyl, (C;-
' Ciz)alkoxy, halo(C;-C3)alkyl, (C;-C 12)haloalkoxy, (C;-C,;)alkylthio;
(b) substituted or unsubstituted aryl groups;
(c) substituted or unsubstituted heteroaryl groups;

(d) a group of the following formulae:

Re =8

25



5 (e) unsubstituted or nono-substituted pyrazolyl, pyridyl, imdazolyl,

pyrazolinyl, imdazolinyl, or acridinyl, each of the said substituents
bei ng (C wo-0@8)hkyl, (C 1-C6)al koxy, fluoro, chloro, or pagmso22369 a
group of the following fornulae: / C<Rs i | R3 R4 DR4 10 wherein C and D

may be the sanme or different and are each independently carbon, oxygen,
(C1-C12)al kyl nitrogen, or (Cl-Cl2)acyl nitrogen; R3 and R4 are each
hydrogen or (Cl-Cl2)al kyl; and 15 wherei n3the phenyl nmoiety is optionally
substituted with (Cl- Cl2)al kyl, (Ci1-Cl12)al koxy, (C2-Cl2)acyl, fluoro, or
chloro ; nis an integer froml to 8 and in is an integer fromO to 3. 20
"Ni trogen-containing heterocyclic ring having 5 or 6 atons" includes,

wi thout limtation, pyrrolidino, piperidino, norpholino, and the |ike.

"Hal ogen” or "hal 0" means fluoro, chloro, brono, or iodo. Preferably
fluoro, chloro, or btherem Bss hydregen, (Gv-¢l,)alkvior gotesifuted bhmshbsttitmtieﬂatylon,

h I ht hyl . "He 25 I , Wth |,
Pt enyl o pyrryl i ndl y ORI FT I MO DS R MOl PRV i bhur 1
di benzot hi enyl , and car pﬁ%g(gmiyl 1\4@&3{@&3;@@&5{@@;@{ 85%9?“1&15{"&;‘1&9?"5 jt ut ed

aryl or heteroaryl groups" includes out lirmtation ar eroaryl
groups that are nono-, Udémng (Gr-Cs)talk-yisLaﬁs—ﬁé)aikoed fiyora, cﬂﬂndnsto:tp}&nyl that is:

hal ogen nitro, am n?f) c agpo%po r%ﬁowingpf%)éx}{ulaw nyl, allyl, hydroxyethoxy,

T C

wherein C and D may be the same or different and are each

10

independently carbon, oxygen, (C;-C,2)alkyl nitrogen, or (C,-C;;)acyl
nitrogen,;
R: and Ry are each hydrogen or (C;-C;;)alkyl; and

15 wherein the phenyl moiety is optionally substituted with (C;-
Ci,)alkyl, (Ci-Ciz)alkoxy, (C,-C),)acyl, fluoro, or chloro ;

n is an integer from 1 to 8; and
m is an integer from O to 3.
20
“Nitrogen-containing heterocyclic ring having 5 or 6 atoms” includes,
without limitation, pyrrolidino, piperidino, morpholino, and the like. “Halogen” or
“halo” means fluoro, chloro, bromo, or iodo. Preferably fluoro, chloro, or bromo is
used. “Aryl” includes, without limitation, phenyl or naphthyl. “Heteroaryl”
25  includes, without limitation, furyl, thienyl, pyrryl, indolyl, benzofuryl, benzothienyl,
pyridyl, dibenzofuryl, dibenzothienyl, and carbazolyl.



5 met hoxyet hoxy, hydroxyet hoxyet hoxy, nethoxyethoxyethoxy; (Cl-C12)alkyl,
(C1-C12) al koxy, (Cl-C12)al kylaryl, aryl, aryloxy, aryl (Cl-C12)al kyl,

aryl ( Cl- Gyvp)mlokamy, (Cl-Cl2)al koxyaryl, hal o(Cl-C12)al kyl pdraisozresse9
cyclo(C3- Ci12)al kyl, cyclo(C, -C,,)al koxy, aryl oxyaryl,

aryl oxy(Cl-C12) al kyl, aryl oxy(Cl- Cl12)al koxy, acryl oxy. mnethacryl oxy; a
het erocyclic nitrogen-containing substituent, io such as N-(Cl-C,

-)al kyl pi perazi no, N-aryl-piperizino. azi#idino, indolino, pyrrolidino,
pyrrolino. piperidino, (Cl -C4)a| kyl pi peri di no, di (Cl-C4)al kyl pi peri di no,

o SRR B ot g it
CaUFD S, e esi st 82 QLASAEEN, EXh g, oy

I ndependent |y rogen, (Cl-Cl2)a cyclo , mono-
or di-substi thalegjerphatryl ;anmno,- Cgio, - ﬁmaxp,r epoORinyiheslbiln Hydrsxyethdkpoen,
(C1-C12) al kyl, Ffé %/c%cl oal kg ﬂl"l o(Cl-C6) al kyl, unsubstituted, nono-
or di - substi t (e XY hydroxvesaex yethoxy, mﬁ'ﬁﬁéyet'@ﬂxvéf EMbst it ut ed napht hyl,

unsubsti t ut ed(C”@B k@l ( \-C %‘g&% (t@ e@llﬁ)faﬁgﬁ thir@l'& L, d\c“@ggg(yit i on

thereof 20 In a préeferre |nven 1’on
conpound of Eqnl(ﬂﬁ&z)alkmmr elith: C@S}alksxyarblf umahb(Cp@)/zgﬂHvl R'haloB-ylar@ctol(u@ sane

or different re ea ndent |y hydrogen, nitro ano, 25 afl |,
fluoro, chlor @“?@E cy (i? ldﬂr}ﬂ Y’hﬁr%’/1°¥}¥qfﬁllﬂ?é?y@fﬁét(ﬁyc1z) b oRTYIOMEC: - 4

i peri di no, n : C I
(Ci- cB)al koirw%?*’%wﬁ “&%Eﬁ“vﬁé)f 5 HeERLR O NNl SRNAR |
C6) cycl oal byl suchk' , ad" NE,- Chealkyampemmrm f frehgntplmduﬁf e &@edm ndafensent | y:

30 (a) linear or branched (C1-C6) al kyI C3- C6) cycl oal k aryl (C1-Cc4) al kyl
or het er oar y| prralidigg,)pyrigjino. piperidag tée bilpmslyéunraym(%v@bﬁqmgm@no

PCT/ US02/ 25663 -piperidinopiperidino, morpholino, 2,6-di(C;-Cj)alkylmorpholino, thiomorpholino,
thioazolidino, tetrahydroquinolino, pyrryl; -N(R;)R,, CON(R)R,, wherein R; and
R; are the same or different and are independently hydrogen, (C;-C,,)alkyl, (Cs-
15 Cjp)cycloalkyl, phenyl, mono- or di-substituted phenyl; or -COR, —-OCOR or —
COOR, wherein R is hydrogen, (C;-Ci;)alkyl, (C3-C; z)cycloalkﬂ, halo(C,-Cg)alkyl,
unsubstituted, mono- or di-substituted phenyl, unsubstituted, mono- or di-substituted
naphthyl, unsubstituted, mono- or di- substituted furyl, or thienyl, and combination
thereof.
20
In a preferred embodiment, the present invention provides a compound of
Formula I wherein:
X is sulfur or oxygen;
~ R', R are the same or different and are each independently hydrogen, nitro, cyano,
25 allyl, fluoro, chloro, bromo, trifluoromethyl, trichloromethyl, pyrrolidino,
piperidino, morpholino, phenyl, benzyl; linear or branched (Ci-Ce)alkyl, (C;-
Ce)alkoxy, or -OCOR or -COOR wherein R is hydrogen, (C;-Cg)alkyl, (Cs-
Ce)cycloalkyl;
~ A’, A" are the same or different and are each independently:
30 (a) linear or branched (C;-Cs)alkyl, (C3-Ce)cycloalkyl, aryl(C,-Cq)alkyl
or heteroaryl(C,-Cy)alkyl, (C-Cs)alkoxy(C,;-Cs)alkyl;



5 (b) unsubstituted. nono-. di-substituted aryl selected from phenyl or
napht hyl, preferably substituted in the neta position, the pars position,
or bot h; wWo(isp2amsubstituted or nono-substituted heteroaryiCTgroupw®es hat are
furyl, thienyl, pyrryl, indolyl, benzofuryl, benzothienyl, pyridyl,

di benzofuryl, dibenzothienyl, or carbazolyl the substituents being nitro,
am no, cvano, hydroxy, epoxy, hydroxyethoxy, mnethoxyethoxy,

hydr oxyet hoxyet hoxy, nethoxyet hoxyet hoxy, 3fluoro, chloro, brono, 10 iodo,
vinyl, allyl, trifluoronmethyl, phenyl, (Cl-C6)alkyl, (Cl- C6)al koxy,

cycl o( C3- Co6) al kyl, clo(C -C6)al koxy, (Cl- C6))al kyl am no.

di (C1- Cs) al kyl ami no,&}sdi 4 %}‘P%EHF%‘? ;T hyiglé%@f%ungafy}/ s5tecisde Hgmy PRyl of

het erocyclic nitrogen- cohaiyll Deerstdbst ishbi@iited smclphéaﬁ.ngg Ssideh. the a

C6) al kyl pi perazi no, N-aryl-piperizing, aziridino. i1ndolino, pyrrolpaino,
pyrrolino, piperidino, p@&ita4pabddi pi peridino, di (Cl- C4)al kyl pi peridino,

4- pi peri di nopi peri dino, norpholino, 2,6-di é.Cl- al kyl nor phal i no,

t hi onor phoFi no, t hi @zo??ﬁﬁﬁ&f‘tedtoétm%‘gfa‘% f}]t%%zquarﬂrgrﬁypsr what apg) fagyR1) R2,
CON(R1) R2, wherein Rl apged§2 ap&riine igddis orb‘?i'zg ient Al eggﬂi

i ndependent|y hydrogen, .(é'?-?ca?mw ,1 ?dg-’ Co cyf:uﬁ%él kbyeln?&gﬁgglgl r -y&CR,

- 000R or - COOR wherei n &beszofiryt ddgermgthie@il G69abieplyl tieGRibeBnents beiagkyl , or
phenyl; n is an integer froml to 6; and 25 mi n integer fromO to 2.

In a still nore pref e_rrB‘aroe?fBB’G'r AP, NHIRXY,: AR PBTropY e e Sethaxyabexnd of
Formula | wherein: X i sygdthfsihoxyethoxy, methoxyethoxyethoxy, fluoro. chloro, bromo,

10 iodo, vinyl, allyl, wifluoromethyl, phenyl, (Ci-Cs)alkyl, (C;-
Ce)alkoxy, cyclo(C;-Ce)alkyl, cyclo(C,-Cg)alkoxy, (C-
Ce))alkylamino. di(C,-Ce)alkylamino, diarylamino, phenylacetylenyl,
or phenylvinyl;
a heterocyclic nitrogen-containing substituent, such as N(C;-

15 Ce)alkylpiperazino, N-aryl-piperizino, azindino, indolino,
pyrrolidino, pyrrolino, piperidino, (C;-Cs)alkylpiperidino, di(C;-
Cs)alkylpiperidino, 4-piperidinopiperidino, morpholino, 2,6-di(C;-
Ca)alkylmorpholino, thiomorpholino, thioazolidino,
tetrahydroquinolino, or pyrryi,

20 N(R{)R;, CON(R})R;, wherein R, and R, are the same or different
and are each independently hydrogen, (C;-Cg)alkyl, (Ci-
Ce)cycloalkyl, phenyl or -COR, -OCOR or -COOR wherein R is
hydrogen, (C;-Cs)alkyl, (C3-Cs)cycloalkyl, or phenyl;

" nis an integer from 1 to 6; and

25 mis an integer from O to 2.

In a still more preferred embodiment, the invention provides a compound of
Formula I wherein:
X is sulfur;
30 R’,R" are the same or different and are each independently hydrogen, nitro, cyano,

fluoro, chloro, bromo, pyrrolidino, piperidino, morpholino, phenyl, benzyl,



30 R, R' are the sane or different and are each i ndependently hydrogen.
nitro, cyano, fluoro, chloro, brono, pyrrolidino, piperidino, norpholino,
phenyl , b&oaglo207v¢D 03/ 020718 PCT/ US02/ 25669 5 (C, -C-.) paltky2/2369 (C
1-C ,)al koxy; A, A" are the sane or different and are each i ndependently:
a linear or branched (Cl-C. ,)al kvl. (C C6)cycloal kyl; unsubstituted, nono-,
or di-substituted phenyl, preferably substituted in the 5 neta position,
pars position or both with the substituenfs being one or nore of nitro,
am no, acyl, yaOoalkykohtXy(:ekbhokxy, nethoxyethoxy, fluoro, chloro, vinyl,
al lyl, methoxvecarbonv], ethoxygarbonyl, (C -C4)alkyl, di(Cl- C4)al kyl am no,
pi per azi no, piAge"‘H gfed ?Sa&?‘i/‘i’rpfﬁ&?rﬂf“rﬁ?fi %gifﬁoll FRﬁ“lée’b@/X:rol i di no, aziridino,
acryl oxv. nethacryl gx | C itnyl; unsubstituted,
Qmearm&\a'cﬁédeng e atkyt, (L0 HOREI

nono- substituted heteroaronmatic ups, su uryl’ thienyl, pyrryl,
substituted with a smdubstititednimohdradr dissubsimtad)phekyll preferpbieybstitutsd kb than
integer from1l1l to 4, and in is, independently, integer fromO to 2. 15 In
a yet nore3pref er r eHCERARASHIORe P2 PPHOR SRBIA T thothe spRStityapEs airgoResor more

5,5 -Bi s[3-(p-netho Aenyl ) - BH%-n f_n-?b] n-3-yl]- '~ hithi ophen
e; 5,5 -Bis[3-(p- rrémw%hée‘)‘n‘y ) %lm%gﬁg%ﬁ‘%‘ﬁ‘g ) GRS, iethokydindiy, o,
-b] pyran-3-yl]-2, 2" eblotd)ivipieng], methoxycarbonyl, ethoxycarbonyl, SCl-C.t)alkyl, di(C;-
5,5'-Bi s[3-(p-fluorgphenyl)-[3H] -napht ho[ 2, 1- b] pyran-3-yl]-2,2"-bithi ophene
- 20 Cs)alkylamino, ‘piperazino, = piperidino, arylperidino, morpholino,

5,5' - Bi s[3- (o-f1 uor paheh) - | SehkaliAPnt BBt DhRN AR ] heiacdbidtoPhene
13, 5"" - Bi s[1®- ( p- et hpkstpianylt ) - [ 3H] - napht ho[ 2, 1- b] pyran-3-yl]-[2,2',5",2",5
",21"]- quaterthiophene; 5,65"" -Bis[3-(napht hal ene-2-yl)-[3H] -naphtho[ 2, 1
-b] pyran- 3-yl ] - [ 2, 2unspbstptuted: monorsubgiiicsr hRlCEFHUARIC (Froups, such as furyl,
thienyl, pyrryl, substituted with a substituent that is (C;-C,)alkyl or phenyl,
n is an integer from | to 4, and
m is, independently, integer from O to 2.
15
In a yet more preferred embodiment, the compound of the invention is:

5,5'-Bis[3-(p-methoxyphenyl)-[3H]-naphtho(2,1-b]pyran-3-yl]-2,2'-bithiophene;

5,5'-Bis[3-(p-methylphenyl)-[3H]-naphtho[z,1-b]pyran-3-y1]-2,2'—bithiophéne;

5,5'-Bis[3-(p-fluorophenyl)-[3H]-naphtho([2.1-b}pyran-3-yl]-2,2'-bithiophene;

20 5,5'-Bis[3-(o-fluorophenyl)-[3H]-naphtho(2.1-b]pyran-3-yl]-2,2'-bithiophene;
5,5™-Bis[3-(p-methoxyphenyl)-[3H]-naphtho[2,1-b]pyran-3-yl]-[2,2',5',2",5",2"]-
quaterthiophene;
5,5"-Bis[3-(naphthalene-2-yl)-[3H]-naphtho[2,1-b]pyran-3-y1]-[2,2',5',2",5",2""]-
quaterthiophene; or

25 5,5"-Bis[3-(o-fluorophenyl)-[3H]-naphtho[2,1-b]pyran-3-yi]-[2,2',5',2",5",2"]-

quaterthiophene.

The compounds of Formula I may be prepared by the process illustrated in
Reactions A through D below or, alternatively, in a process illustrated in Reaction E.
30 In Reaction A, the corresponding aromatic ketone is formed from an acid chloride

and the reaction may be the following Friedel-Crafts reaction:



25

5, 5" -Bi s[3-(o-fluorophenyl)-[3H] - napht ho[ 2, 1- b] pyran-3-yl]-[2,2',5",2",5",
2""']- quaweroshephene. The conpounds of Forrmula | may be pcepmomesehy t he
process illustrated in Reactions A through D below or, alternatively, in a
process illustrated in Reaction E. 30 In Reaction A, the corresponding
aromatic ketone is fornmed froman acid chloride and the reaction may be the
following Friedel-Crafts reaction: WD 03/020718 PCT/ US02/ 25669 7 Reaction
A Ok SnCl4 Al +n/f2 Al R CHZOZn2 R Il in IV 5 The acid chloride
repr esent ed For lla Il and heterocyclic conpound represented by Formula
111 are di ssolrv8d°T A~ di chl oromet hane and reacted in the presence of a

Lewi s acid. such as stannous chloride, to formthe correspondi ng
substituted aromatic ketone represented by Fornmula IV. The substituents A,

R', X and n ar t he same as def i nedSrj@er\r ei nabove he Friedel -Crafts
reacti on, and t e condi for 10 carryl E . described in Q4 ah,
George A, deI % nand Rel at ed eact i ons Jit er sci ence

Publ i shers (1964) In Reagtion B, tRE%eteroaromatic két oné of Formula IV
is reacted withy sodium agetvli de in a suitable solvent, such as anhydrous
tetrahydrofuran ("THF"), 15 dinethyl sul foxide ("DVSO') or the like, to

form the correspondi ng propargyl alcohol represented by graphic fornulae V.
Reacti on B5 (Yhsacid ciHoride reptasented py-Formula II and heterocyclic compound represented

by Formula III are dissolved in dichloromethane and reacted in the presence of a

Lewis acid. such as stannous chloride, to form the corresponding substituted

aromatic ketone represented by Formula IV. The substituents A, R”, X and n are

the same as defined hereinabove. The Friedel-Crafts reaction, and the conditions for
10  carrying it out. are described in Olah, George A., 3 "Friedel-Crafts and Related

Reactions, " Interscience Publishers (1964).

In Reaction B, the heteroaromatic ketone of Formula IV is reacted with
sodium acetylide in a suitable solvent, such as anhydrous tetrahydrofuran (“THF”),
15 dimethylsulfoxide (“DMSO”) or the like, to form the corresponding propargyl

alcohol represented by graphic formulae V.

Reaction B:
Na—== oH
N e N
R" R

v
20

The reaction may be conducted at room temperature in a 1 to 100 mmol scale.



\' I/ DWONQ " Rt IVV 20 The reaction my be conducted at room
tenperature in a 1 to 100 nmol scale. WD 03/020718 PCT/ US02/ 25669 8 In
React i on WO i3heo7ps opar gyl al cohol of Fornula V may be coupcadise/ivea

napht hol represented by Formula VI in the presence of a catal ytic anmount of
acid, 5 such as pyridiniump-toluenesul fonate ("PPTS"), to generate

napht hopyran represented by graphic fornulae VII. This reaction and the
conditions for carrying it out are descgibed in Hely Chim Acta, 81 (7),
1293 (1998). Reaction C 10 JH An2 + (R) ~Da OH PPTS R* CI C HzZCHZ Cl
)n2 V VI Alternatively and preferably, Reaction C may be carried out using
3A nol ecul ar sieves. This reaction may be perforrred In the presence of a

non- pol ar 15 sol ye be z uen Iene rof orm

1. 1-di chl or et hanet{1 ggafn | gﬁ%éa ﬁz@ﬁ?lb%ﬂ: 8}’ |b86p°u8¢58d”‘th a

conbi nat i on ﬁmtmfreprwah@dmvemﬂam VI ifi i pfe@&féélo% da%alﬂ?cf LAbiRb 4R 0' Ue“e
or 1, 2-dichloroethane. The reaction tenperatures may be from about

about 1605C, sushefer pidinipoup-tduencsulfdnste (1BBTE), nor ezengnatef era@hihy)pydaout 90

to 120 C. Reactio hour to a 3 days,. 20 preferably
about 2 hour%epfeéerﬁﬁ‘%h}’ g]?ng’éxfb m‘gﬁ%&:qolg“iﬁeé‘f %QHS\BW“ sHeUsATYRE Khout
24 hours. TheutRerCIRERSS ihFHIPCRIm. ' £2£183TYE 1293 d1obgyl: 0.5 to about 1:1.1:0.05

Reaction C:
10
H
-
A \)>) (R OH PPTS (R)m. Q A
N2 - .
e CICH,CH,CI = | J )n,z
V VI vn Ru

Alternatively and preferably, Reaction C may be carried out using 3A

molecular sieves. This reaction may be performed in the presence of a non-polar

15 —solvent, preferably benzene, toluene, xylene, chloroform, 1,1-dichlorethane, 1,2-

dichloroethane, carbon tetrachloride, or a combination thereof. More preferably, the

reaction is performed in toluene or 1,2-dichloroethane. The reaction temperatures

may be from about 50 to about 160 °C, preferably about 80 to about 140 °C, more

preferably about 90 to 120 °C. Reaction time may be about 1 hour to about 3 days,

20 preferably about 2 hours to about 2 days, and more preferably about 2 hours to about

24 hours. The preferred ratio of reactants is 1.1:1:0.5 to about 1:1.1:0.05
(V:VI.PPTS).

In Reaction D, the naphthopyran of Formula VII is treated with butyl lithium
25 and then cupric chloride in a suitable solvent, such as anhydrous THF, and generate

the homo-coupled product represented by Formula 1.



(V:VI:PPTS). In Reaction D, the naphthopyran of Fornmula VII is treated with
butyl lithium 25 and then cupric chloride in a suitable solvent, such as
anhydr ouswOHB/02@mgl generate the hono-coupl ed product represarszeschy
Formula 1. WD 03/020718 PCT/ US02/ 25669 9 Reaction D (R )m X 3uli. CuCl2
(R)m A- RR R The THE- n O(R)m VII The reaction may be carried out
at between about -78 C and anbi ent tenperatures 5 for about 5 to about 48
hours. The reactants preferably are used%n a ratio of about 1:1.1:1.11to
about 1:1.5: RgaotionBulLi: CuCl,). Alternatively, the bis-naphthopyran
conpound of the invention may be prepared in as shown in Reaction E. In
Reaction E, a bis- heteroaromati c ketone of 10 Formula I X may be generated
by Friedel-Crafts rpg dof FormJIaIII Upon
treat nent w t®)sgd : ~
Formul ae IV may \ T%P t he o

Formula X with naphtho‘ malae in the prese

anount of an acid such as p'§/r| di ni um p-tol uenesul f onat e (F?PPTS")
generates the desired bils- 15 napht hopyran conpound. Reaction E: o ~ o
SnC6 AAC AC (//In\ /" nSnCl4 CHCI2 ~~ RCHXC2R Il Q VIIl IX

The reaction may be carried out at between about —78 °C and ambient temperatures

=gtion of a heterocyclic conpa
SR 1A 'de theldl@zlremi) S

tn

for about 5 to about 48 hours. The reactants preferably are used in a ratio of about

1:1.1:1.1 to about 1:1.5:2 (VII:BuLi:CuCl,).

Alternatively, the bis-naphthopyran compound of the invention may be

prepared in as shown in Reaction E. In Reaction E, a bis-heteroaromatic ketone of

10 Formula IX may be generated by Friedel-Crafts reaction of a heterocyclic compound
of Formula III. Upon treatment with sodium acetylide, the desired bis-propargyl
alcohol of Formulae IV may be generated. Coupling of the bis-propargyl alcohol of
Formula X with naphthol of Formulae VI in the presence of a catalytic amount of an

acid such as pyridinium p-toluenesulfonate (“PPTS”), generates the desired bis-

—
wn

naphthopyran compound.

Reaction E:

0 i o
SnCl, AT °Cl
AiCI (Q)n = A)L(@)n SnCly CH,Cl, - AWA'

'R" Cc H2C|2 'Ru ' 'Rn
11 1] VIl X
Na——=—=
DMSO
T g
PPTS, CICH,CH,CI \ R TN




Na DWO (R) H(R) - -/ VI AHOHA n PPTS CCHCHCL R X W

03/ 020718 PCT/ US02/ 25669 10 The bi snapht hopyran conpounds of the invention
may be uswo mloeevesor as a 5 mxture with other conmpounds poff/tRoe/eicha | .
Addi tionally, the conpounds of the invention mat be used in a mxture with
ot her types of known photochrom c conpounds including, without limtation,
napht hopyran, spirooxazine, mxtures with one or nore nonphotochromc
dyes, or conbinations thereof. In addititdh one or nore stabilizers, such
as an antioxi dant, one or nore UV absorbent such as 2 10

hydr oxyphenyl benzotri azol es or 2-hydrpxyphenyltriazones, one or nore anti
radi cal agents such as 5-ethoxybenzoi m dazol e, or conbinations thereof nmay
be added to these mixtures to inprove photochrom c properties. One
particul ar advant age of the conpounds of the present invention is that 15
t he absorption spé%‘? bisnaphthopyr g osROYN e hthe fnviepdom EEY g msell Hprmerdstahopyr an

cboor banade, "R v buek o nts S Pty £ SAgHoBAN, O o SRR e

napht hopyr anm\Qﬁtx&om@cubauseHInh .a thixnge hih caer t{";b'@ of QAP PHStovhrolti@ | Nvention
are pale pink or yellow Wen activated by a source of LTV radiation, such
as sol ar radicampendsinglugipg, W‘Fl&‘# hmztetlwrnenhtpomfraneénmoxaam mépugs Waths of

t he bi s-naph id veIo an intense
col orati on, égi%g% %glgoogﬂgt%%g c’% Gre do %(g:%fr?ggg{ﬁ% Ofr gr}ln%‘?cﬁtéoq‘? M'pi nk to
purple to bl werg Etayxhzaibesul‘cﬁspﬁmsrﬁloﬁﬁdaht. ®ne or more UV absorbent such as 2-
10 hydroxyphenylbenzotriazoles or 2-hydrpxyphenyltriazones, one or more anti radical
agents such as 5-ethoxybenzoimidazole, or combinations thereof may be added to

these mixtures to improve photochromic properties.

One particular advantage of the compounds of the present invention is that
15 the absorption spectra of the colored form of the activated bisnaphthopyran
compounds of Formula I typically exhibit higher optical densities or absorbances,
and longer lifetime, than the corresponding photochromic naphthopyrans of Formula
VII. In solution, the compounds of the invention are pale pink or yellow. When
activated by a source of UV radiation, such as solar radiation or light from a
20 mercury or xenon lamp, solutions of the bis-naphthopyran compounds of the
invention rapidly develop an intense coloration, depending on the structure of
compound, ranging from pink to purple to blue gray. The response of bis-
naphthopyran of Formula I to UV irradiation is much faster than that of
naphthopyran represented by graphic formulae VII shown in Reaction C.
25
A wide variety of fading ranging from 3 seconds to 300 seconds depending
on the structure of bis-naphthopyran compounds is also provided. When the fade is
slow, or longer than 100 seconds, the bis-naphthopyran compounds of Formula I
exhibit high colorability due to the fully opening of the two photochromic
30 functionalities in the bis-naphthopyran. To obtain a slow fading compound, a fluoro

substituent is placed in the ortho position of the 3-phenyl group. Slow fading is



napht hopyran of Fornmula | to UV irradiation is nmuch faster than that of
napht hopyran represented by graphic fornulae VIl shown in Reaction C. 25 A
wi de variwow3eko7igdi ng ranging from 3 seconds to 300 secorrdg/wbdpeswdd ng on
the structure of bis-naphthopyran conmpounds is al so provided. Wen the fade
is slow, or longer than 100 seconds, the bis-naphthopyran conpounds of
Formula I exhibit high colorability due to the fully opening of the two
phot ochrom ¢ 30 functionalities in the bi8-naphthopyran. To obtain a sl ow
fadi ng conpound, a fluoro substituent is placed in the ortho position of
t he 3-phenyl group. Slow fading is WO 03/020718 PCT/ US02/ 25669 11
desirable for certain uses including, without Iimtation. w ndows. 5 Wen
the fade is fgsg r ; ; : [;S3 opyran conpound
of the invent .a?)gr’]"anr‘l’ofS‘% @h‘f‘gﬁ%‘@%‘ﬁ%%%&@ﬁ%‘%aﬂ ongsjé1r life-tinme than
t he correspondi ng phot ochrom ¢ napht hopyrans represented by Fornulae VII.
Fast fading is obt@'hned vm'sftahout fsubsti tution at the ortho position and,
optional 'y’ by platingly e Sadsds (asiner desst Hianpl seprndsi dhe dis-raphthppyraany |
group. Suitabl N S e L t1don i :

met hoxy, net hyﬁﬂ@t‘lﬁgp?tﬂgﬁgﬁy l?m %%ggﬁﬁh%voé&ﬁ?l #3%%%%@ %og{éegé%%’t ﬂ%‘ga}}aﬁg IS
useful in a withe comespendingphatethiromic ndphtHopgiangreprésemed bylHofinhiak VID, Fagt
spect acl e Ienztgfsi, The bi. s- aptgt hopqybrﬁan .conmpounds_ of the invention al one,

m xtures t her e3fing 1§ bneg pithpws SHstiugeR &t \ihe Rrie mositioppangd, eptipnaly, by
phot ochrom c c [ o tat o] ey hat be
applied to or @%?%%?ggﬁﬁ% %t hmoi?%ngtggirdlﬁaﬁfa[?ﬁe%géﬁ (%sf%&uéhs Srlrxgtf‘l}gle

i ncl ude i nks osubstiratits dnalode ositlidudriznitation, flnbrt asdhexy, anéthst, reath) PRGN, an
conpounds may be present in an organic_solvent or  an organic polyner host.
20 If a sol venRiPsrding el MOFRhAligPy e fast Hiagingelsaksei oiny & vidg ayrtistye offsetting

di ssol ving théjpciyding without limitation, in spectacle lenses.

The bis-naphthopyran compounds of the invention alone, mixtures thereof,
15 or mixtures of these with other types of known photochromic compounds may be
introduced into a composition that can be applied to or introduced into a host
material. The compositions may include inks or coating compositions. The
photochromic bis-naphthopyran compounds may be present in an organic solvent or

an organic polvmer host.
20

If a solvent is used, the solvent may be any solvent capable of dissolving the
photochromic substances. Suitable solvents include, without limitation, benzene,
toluene, methyl ethylketone, acetone, ethanol, methanol, propanol, isopropanol,
tetrahydrofuran, dioxane, ethyl acetate, ethylene glycol, xylene, cylcohexane, N-

25 methyl pyrrolidinone, and the like, and mixtures thereof. ~When dissolved in
chloroform, the compounds of the invention have a much larger molar extinction
coefficient (g) and, thus, can block more UV radiation, than the corresponding

naphthopyran precursor represented by Formula VII.

30 The host materials used with the compounds of the invention may be any

materials for which exhibition of photochromic characteristics is desirable.



phot ochrom ¢ substances. Suitable solvents include, wthout limtation,
benzene, toluene, nethyl ethyl ketone, acetone, ethanol, nethanol,

pr opanol ,wpgpepsnol , tetrahydrofuran, dioxane, ethyl a®eraisez2sbhyl ene
gl ycol, xylene, cylcohexane, N 25 nethyl pyrrolidinone, and the |ike, and
m xtures thereof. Wen dissolved in chloroform the conpounds of the

I nvention have a nmuch |arger nolar extinction coefficient (c) and, thus,
can bl ock nore WV radiation, than the corlesponding naphthopyran precursor
repr esent ed by Fornula Vil. 30 The host materials used mﬁth t he conpounds
of the invent e an . or which exhib n 0 ot ochrom c
characteristi gplc% }éegl r%&#éﬂgﬁ 0&'} g%fg PEFRGSHE} fﬁ*g‘ YeH Ry,
the host mat efrhsbatéhl br BNy VGRRrgani@ hridkdral. Tueh F?ﬁ:ﬁfaﬁﬁl@%é{udlﬁ withou
transparent or optically clear organic material. Such material s inc Jlng,

wi t hout | i mi listaden, @pplymenes copp m:ptolqmnnc,turos thnrmfur Ssitathe hestf ma@uatsabl e

host mat er| al s I nc| vu t.h tion: al car bon

pol yepoxy, poﬂ‘/’g’élfyl‘ﬁi{g%ut é\?‘@hyl?og‘ﬁéﬁypc? Btﬁ I( gepBBY’y\R lﬁcﬂéﬁtl%rl de,
pol ynet hacryl ﬁél?&hrﬁﬁéYpéﬂropWeaé abKWvﬂWt Ha6HYe, 2p6t eﬂfh'ch’B& E&(IX g@ .
met hacryl ates, cellulose acetate, cellul'ose triace cetate
butyrate, ac eCsz)alk}élI mﬁthmlalepoleQKyaHﬁ}'lenacmtha@ylatepme}lulc(sv mngthteabdhﬂmde)

pol yur et hanes t hi our et hane e, ani de, tyrene,
and copol yrer {1 ?‘f& U&Fﬁ‘a Se\/\na‘fqln%ﬁt t&f’? é’ﬂ e'é‘@?ﬁ/ ALY (VH‘é(? t‘?ﬁﬁtﬁz}g aPey,
met hyl met hac(yhyt eficotd)Y peNRrdhates) Pél?tﬂ"ﬁirﬁﬂﬁﬁé” aﬂo@vsd\ék : 3)%?%3?&1&
vinyl butyral, ‘urethane, thiourethane, diethylené glycol s( I ’
car bonat e)10 dp@Wﬁweewrlgl oppolymeth imelud g yithout liitatsop ropdatsd, nixthxeylstes,and

the like and co natlon there . 15 Typically, thec ounds, of the

i nvention are™® L es1 ﬁihé'Pef‘ﬁéiLW8 gg rﬂ'ﬁl’%‘?}?’lﬁe BiAYad n&‘@&ﬂ‘(ﬂéﬁﬁ Bryraheans,
includi ng, Wi hfegahe, I klﬁbﬁr@ﬂmbﬁ)@ didih§RAk Uslyed). bisEil§Peardbi4te), pcﬂl;t 51: Z@g&g

wi th ot her conponent s of host “matefial, incorporation i ng
applied to onélrmnhafcmdeteoﬁusm!epm)@bmzﬁnmd ‘thealike aral qonuhmnmmbItMcjfons

thereof. Alternatively, the conpounds nmay be inbibed into the surface of
t he host

15 Typically, the compounds of the invention are incorporated into the host
material by any convenient means, including, without limitation, dissolution,
dispersion, polymerization with other components of the host material, incorporation
into a coating applied to one surface of the organic host material, or combinations
thereof. Alternatively, the compounds may be imbibed into the surface of the host

20 material. Further more, the compounds may be coated onto the host material using
various means such as spray coating, spin coating, spread coating, curtain coating,

casing or dip coating.

The bis-naphthopyran compounds of the invention and mixtures thereof may

25 be used in those applications in which organic photochromic substances are typically
employed, such as optical lenses, and plano lenses, face shields, goggles, camera
lenses, windows, automotive transparencies, inks, e.g., a liquid or paste containing
photochromic dyes used for writing and printing, decorative objects such as plastic
films and sheets, textiles, and coating compositions, e.g., paints, and verification

30 marks on security documents, ¢.g., documents such as passports, driver's licenses,

banknotes, and the like. Coating compositions are defined herein to include



20 material. Further nore, the conpounds may be coated onto the host

mat eri al using various neans such as spray coating, spin coating, spread
coati ng, woridaeTigoati ng, casing or dip coating. The bi sPocapisoheisyy an
conpounds of the invention and m xtures thereof may 25 be used in those
applications in which organic photochrom c substances are typically

enpl oyed, such as optical |enses, and piano | enses, face shields, goggles,
canera |enses, w ndows, automotive transiarencies, inks,, a liquid or
paste containing photochrom c dyes used for witing and printing,

decorati ve obl86kee SIS ARk, ool AU NS Pkl blieB0di502t 1 9

conposi tions, vertrication

document s, e. golyurdeaHERIM Feps L FesidSand asisdR Q¢S usedrtd pedduSe kyitBARSHlvmers,
banknotes, and the like. Coating conpositions are defined herein to include

WO 03/ 020718 PCT/ US02/ 25669 13 polymeric coating conpositions prepared

frommterial s suc V. cryl.ate | yur et.hane ol yepoxy resi,n and
other resin used tghgg%gﬁ%@%eﬁﬁ'ﬁ?fgﬁ%df ?Ipngornxsﬁ?o_unﬁiﬁgﬁédn%rgﬁ?xgge Qn used
bi s- napht hopyd&enas 6h ke desifed tdegrder efS@itkeninpy rbVided d@d Qeﬁﬁ‘@ﬂﬁbféqtot e
desired degree of darkening, provided that 1t is perceptible to the naked

eye upon act i vakedogye wameasidation. heoreenen, dig Rartigpisg manse disetk deprinds afftean

upon the nethod used to jncorporate or apply.a,photochrom ¢ substance.
Torcatty 1 e EEmsid SEfiE B BrE pERELY 2 JuPREhREH STty dv8iine
greater is thgeGAbRr piflodhbdreRSSub¥takide Applied (‘o‘?rih@irgoﬂateﬂ] the ¢reaAlsl g Woltdy: 1t
is used in a quantity of about 0.001 to about 20 wei ght percent based on

the total WRei gitenssy upheaspftaislimip Ipepasiauilas) i is T¥ed ip pewentityiofaboitiogiOlite
illustrated by the.foll.own xanpl e ich are.in_.ng i ntended to
limt the sco%%ouéﬁot“ﬁ Pgr'fg?ﬁ’a %%@Fé%@f ‘Kﬂﬁ@r%ﬁbe ﬂ@&?%‘%ﬁf‘f‘& 15 and

variations will be apparent to those skilled in the art. Exanples Exanple

|  Step 1.
The present invention is illustrated by the following examples, which are in

no way intended to limit the scope of the present invention. Numerous modifications

and variations will be apparent to those skilled in the art.

Examples

Example 1
Step 1.

20 Tin (IV) chloride in methylene chloride (100 ml) was added dropwise under
nitrogen with stirring to a ice-cooled solution of thiophene (6.5 g, 77 mmol) and p-
methoxy benzoyl chloride (13.6 g, 79.8 mmol) in methylene chloride (50 ml). After
addition, the reaction mixture was stirred further 10 minutes, then stirred at room
temperature for 2.5 hrs, poured onto crushed ice (200 g). The organic laver was

25 separated and the aqueous layer was extracted with methylene chloride (15 ml). The
combined organic solutions were concentrated to remove most of the solvent. The
residue was filtered through a plug of silica gel and washed with methylene chloride.
Removal of solvent left a brown oil that was solidified on standing. Recrystallized
from methylene chloride/hexane, colorless crystal was obtained. The mother liquid

20 was de-colored with charcoal and recrystallized from methylenechloride 'hexane and

more crystal was obtained. A total of 16.48 g product was obtained (98%). Nuclear



20 Tin (1V) chloride in nmethylene chloride (100 m) was added dropw se
under nitrogen with stirring to a ice-cooled solution of thiophene (6.5 g,
77 mmol ) wod3p207met hoxy benzoyl chloride (13.6 g, 79.8 mmeiCr/use2/esbhyl ene
chloride (50 m). After addition, the reaction m xture was stirred further
10 minutes, then stirred at room tenperature for 2.5 hrs, poured onto
crushed ice (200 g). The organic | aver was 25 separated and the aqueous

| ayer was extracted with methylene chloride (15 m). The conbined organic
solutions were concentrated to renove nost of the solvent The residue was

filtered throu d washed Iene chl ori de.
Renoval of solnggﬁf qpréf aﬁcebémgl SI%G‘ftFF‘di W48 [}éeoreﬁlm %staaﬁﬂ%cﬁ’gje
Recrystalli zegomﬁg{@fm“ﬁg{@}ﬂmyﬁﬁgﬂgr {}Q@F{Hggéanqakepo%orl ess crystal was
obtai ned. The nother liquid was dée-colored with charcoal and

recrystallized from nethyl enechlori de'hexan e an d nore crystal was

obt ai ned. A t%t al_ of 16.48 g product was obtained (98% . Nuclear WO

03/ 020718 PCTAIB0®/ 25669 magneti ¢ resonance ("NWVR") spectra showed t he
resul ted product haggRnidetfiddif37 %sa{xﬂ&n E&hd ry DM

p- met hoxyphenyl -t hi ophene- Py-qy -( g S‘WB S acestcgllesdlgl)(%asw g,
33.5 mMmvoh sus péddatad p—metdioyyﬂﬂbﬁfb—tmhme)-}whketoaﬂdeﬁgllﬁ mmol) in portions with

p- met hoxyphenyl t hi on hene- 2- t one ortions with
stirring underUiRgm Bra‘f'ﬁeEB%#‘ F?fg }P&AIB%BBW ﬁ“@ft%%@ r‘f‘efpeééédltlﬂﬁ’t@?
addition, the t 2
hours, poured r%arr?? %?glﬁgﬁﬁg%ﬁ?gg?&gﬁ %pr%&éﬁ\%mféwg&ﬁwﬁ%%c &(;?‘il%{egm d

until the pPH s aapifiedxvithed Mlyycﬁoch&driceamd emllnh«:pli{@vaswppfox[mﬁtblyl&neﬁ&hl oride
(20 M. then 2x 10 m), the m xture was dried _ over anhydrous sodi um

sul fate and fieKEe4lo8, W‘E\/@E@b’@ﬂ? ghlogge (W%&W@Pﬁt‘ogﬁl\)éhéﬁﬂﬁme W@Srﬂhtedwas
fied by fl |
Poxane! met hyl SHE iy RIS eREEARMLE I ALEA' pRbbBh 6L bofldnf eivadnalf "

anount  of 15t1¢dnafa§?ahﬁé@by ﬂmmmnatagmsab o@he@ﬁlumﬁlnatécﬁbﬁ?mZ}Mg
relatively clean 1-(4 nethoxyphenyl) - - (thi ophene-2-yl)pro yn- - ol
as yel | ow br olsexa@iejmethylene chlorlde (2:1)as eluent De-coloration with a small amount of

15 charcoal followed by removal of solvent afforded the relatively clean 1-(4-

methoxyphenyl)-1-(thiophene-2-yl)prop-2-vn-1-ol as yellow-brown oil.

Step 3.
1-(4-methoxyphenyl)-1-(thiophene-2-vl)prop-2-yn-1-ol from step 2 ( 257

20 mg, 1.05 mmol) was heated with 2-naphthol (144.2 mg, 1 mmol) in the presence of
PPTS (0.05 mmol), and 3A molecular sieves in anhydrous 1,2-dichloroethane (5 mi)
for two hours. Most of the solvent was removed in vacuo and the residue was
filtered through a short silica gel column washed with methylene chloride. After
removal of solvent and

25 recrystallization from methylene chloride/hexane, a colorless solid was obtained
(340 mg ). NMR showed the resulted product has the structure consistent with 3-p-
methoxyphenyl-3-(thiophene-2-yl)-[3H]-naphtho[2,1-b]pyran.

It was used as Comparative Example 1 described hereinafter.

30 Step 4.



Step 3. 1-(4-nethoxyphenyl)-1-(thiophene-2-yl)prop-2-yn-l-ol fromstep 2 (
257 20 ng, 1.05 mmol) was heated with 2-naphthol (144.2 ng, 1 mmol) in the
presence WD 03P (0. 05 mol ), and 3A nol ecul ar si eves i npPamhysdr/zis69

1, 2-dichioroethane (5 m) for two hours. Mst of the solvent was renoved
in vacuo and the residue was filtered through a short silica gel colum
washed with nethyl ene chloride. After renoval of solvent and 25
recrystallization from nethyl ene chl ori delhexane, a colorless solid was
obtained (340 ng ). NMR showed the resulted product has the structure
consistent with 3-

met hoxyphenyl - 3- (t ﬁi_-%t\)heép]ogg?bwyj-} [(MEWQB]%{HSE%]IQWM_‘b]P}'f[anV%%mLFé% as

goc_rF%g gtz } \Z/EGEga(migﬁg,lo.QQﬁ%i)hﬁdirﬁqmﬁi Rkl Pwas SSbIE BPdA ic¥¥RcOBhOBRR ABider
3- p- hi et hoxvpmémegen3 Banhilopinenél.e-Mi 0.5 gl waaphdéddmpwisd withastiingm Fhep 3

175ng, 0.5 I i dry T 4 | ed i N N t bat
nder ™ it rogdeg s st o -5 Tk iy G Eorie bl R AT2F G 00 wtaD
stirring. The wasiddbd rCortasorSdi. " S 8FinkWaskontiiRidl for 2THBI Bief sEHAY| Qllpfi de

(220 nmy, 1.63 nmmmol) was added in one portion. Stirring was continued for 2
hours then sl doirgomdemperpture and siomed evaueight. uCeushad ict (I0r @J waseadiied I the

Crushed ice (10 was ad to. the . reagti ] xtyre. After. acidjfication
W h aM hyar odhedPh MABFA aier 1o e Gl S bRTAlRG A e pHver e
was extracted jph{oRifRERYI eRemettiRr wakCextroted witd Hl%ﬂly?erﬂ:_cbhlbﬁdeqzwrﬂl; thel®
conbi ned organic solution was dried over anhydrous “sodi um sulfate. f  any
solid was suspdfdel). iThe tchmbiret hygamesaditiar wdedriéteavérraphyéreusiseiiumautthtesol ve

the solid, coqled to roomtenperature and then dried. Subsequently, it was
filtered andlpaR%erlid wavtHgpended ip the methylene galordey hsHngaaasagedya issolve

oL e 8, AL R LY SAULSRUAS, IH
cool ed down aruidphssedeidotigh sitmmcsiita gebostumn washed with methylene chloride. After
removal of the methylene chloride until the total volume was approximately 5 ml,

15 the mixture was heated to reflux, cooled down and allowed to stand at room
temperature. The resulting solid was filtered and washed with a small volume of
methylene chloride. The solid was collected and purified by chromatography on
silica gel using hexane/methylene (1:1) and recrystallized from methylene
chloride/hexane. 121 mg of a pink solid was obtained. NMR spectrum showed the

20 product to have a structure consistent with 5,5'-bis[3-(p-methoxyphenyl)-[3H]-

" naphtho[2,1-b]pyran-3-yl]-2,2"bithiophene.

Example. 2
Step 1.

25 The process of step 1 to step 3 in example 1 was followed except the.
substituent in the phenyl group is methyl instead of methoxy. NMR showed the
resulted product has the structure consistent with 3-p-methylphenyl-3-(thiophene-2-
yl)-[3H]-naphtho[2,1-b]pyran.

It was used as Comparative Example 2 described hereinafter.

30 Step 2.



tenperature. The resulting solid was filtered and washed with a snall

vol ume of nethylene chloride. The solid was collected and purified by

chr omat ogwapl2@ms silica gel using hexane/ net hyl ene (1: 1)PCans02/25669
recrystallized fromnethylene chloride/ hexane. 121 ng of a pink solid was
obt ai ned. NMR spectrum showed the 20 product to have a structure consistent
wth 5,5 -bis[3-(p-nmethoxyphenyl)-[3H -

napht ho[ 2, 1- b] pyran-3-yl]-2, 2' -bi t hi ophenel6 Exanple. 2 Step 1. 25 The
process of step | to step 3 in exanple | was foll owed except the

substituent in.the phen r o is nmethyl instead of neth . NMR showed
tﬁe Iregul te:j Ef‘%(?ﬂ%tesshét S?eﬁeyg‘fllr%’é??ﬁlgylcd’%@i QWF&)VGXFFP‘ ?-)}()Ymethylphenyl-}
3- p- met hyl phengthioghdrett-opeARnAsh I 1LABY raRapbth @dr? 3 118k RyEaP. sed
as Conparat i veMExg_rrpl e g]pges%r ?pl-oed [her@mf ter. 0 S{ ef)p%.é’ \6/\6 %@%MB
PCT/ US02/ 25669used6iriFtead prfod s metiox gphepyh3-(thidphangl ¢/l )i 3k mabhihb[Bib8 [@rae pt
’E’uip?)-?rren{)hyi)p en”%{g-}(fsb‘l’ééi(%(g 0 Q?eﬁgcété%ﬁé%]ﬁffw% erg%rrl}r%[ s%io%&etc)i] tgg rp?cr)]dljcg % hzsi;['eeg 3
3- p- met hoxyphegylenie (doRbiglRREREH2 5 ¥t-bisf R -niaaﬁ)rﬁﬂéﬂ F3ap 2, 1%]piAak- 550! i d
(136 ng) was obtai ned. NWR spectr%JSm 1s#m@ed t he pr%zéctp%l%@%’lgo]gg%t}zture
consi st ent wi t y]&,25bithiogh@e( p- net hyl phenyl ) - [ 3H] - napht ho[ 2, 1- b] pyr an- 3-
yl]-2,2"-bithiophene. to Exanple 3 Step 1. The process of step | to step 3
of Exanple 1 was foll owed except that the substituent in the phenyl group
is 4-fluoro instead of 4-nethoxy. NVIR showed the resultant product had a

structure consistent with 3-p-fluorophenyl-3-(thiophene-2- 15
yl)-[3H] - ndpht ho[ 2, 1 -Db] pyran. Example 3

Step 1.

The process of step 1 to step 3 of Example 1 was followed except that the

substituent in the phenyl group is 4-fluoro instead of 4-methoxy. NMR showed the

resultant product had a structure consistent with 3-p-fluorophenyl-3-(thiophene-2-
15  yl)-[3H]-naphtho[2,1-b]pyran.

It was used as Comparative Example 3 described hereinafter.

Step 2.
The process of step 4 of Example 1 was followed except 3-p-fluorophenyl-3-
20  (thiophene-2-yl)-[3H]-naphtho[2,1-b]pyran from step 3 (180 mg, 0.5 mmol) was
used instead of 3-p-methoxyphenyl-3-(thiophene-2-yl)-[3H]-naphtho[2,1-b]pyran. A
yellow-brown solid (98 mg) was obtained. NMR spectrum showed the product to
have a structure consistent with 5,5'-bis[3-(p-fluorophenyl)-[3H]-naphtho{2,1-
~ b]pyran-3-yl]-2,2"-bithiophene.
25
Example 4
Step 1.
The process of step 1 to step 3 of Example 1 was followed except the substituent in
the phenyl group was 2-fluoro instead of 4-methoxy. NMR showed the resultant
30 product has the structure consistent with 3-o-fluorophenyl-3-(thiophene-2-yl)-[ 3H]-
naphtho(2,1-b]pyran.



It was used as Conparative Exanple 3 described hereinafter. Step 2. The
process of step 4 of Exanple 1 was foll owed except 3-p-fluorophenyl-3- 20
(t hi ophenwo23¥b)74§ 3H] - napht ho[ 2, 1- b] pyran from step 3 (18®cmgjSo2&eamol )
was used instead of

3- p- met hoxyphenyl - 3- (t hi ophene- 2-yl ) -[ 3H] - napht ho[ 2, 1- b] pyran. A

yel | ow- brown solid (98 ng) was obtai ned. NVR spectrum showed the product to
have a structure consistent with 17

5,5 -bi s[ 3-(p-fluorophenyl)-[3H] - napht ho[ 2, 1-

b] pyran-3-yl]-2,2"-bithi ophene. 25 Exanple 4 Step 1. The process of step
to step 3 of Exanple | was foll owed except the substituent in the phenyl
group was 2-flugs0.ded st E8mpHfatide E@Mﬂw de%eami/&%ffepe resul tant 30
product has the structure gon5|stent W t

3- 0-fl uorophenyl - 3- (t hi ophene-2-yl)-[3H] - napht ho[ 2, 1- b] pyran. WO 03/ 020718
PCT/U802/2566% 17 It was used as Conparative Exanple 4 descri bed

her ei naf t er”. ep 2. The process of step 4 of Exanple |I was foll owed

except 3-o-fl yg egm@e&x'?@steﬁuhbp a1 1Y bk [Bidw BRRRESRI 2o ln ke T om

step 3 (180 ny, use nstea
3- p- met hoxy ph¢thydph8nd- EM)e[phﬂmplﬁhvﬂ’)l—b]@kﬂmnﬁoﬂnt step 3, (180] mel A5 rAnolpi wids

solid (130 s obt aj. ped trum showed t he product to have a 10
struct l(” e Cgﬁ)élpé}l{a ’é‘ﬁﬁea‘%\P E -met oxyp en\(i -3-(thiophene-2-yl)- [3H5) -naphtho[2,1-b]pyran. A

5.5' - bi S 3- (0-f U m [ &n?,}.

-2,2'-bithiop iene 1@3 E \Vwéssﬂtt%lg@rgm\tl{g S%I n %&gﬂ{%ﬁp)ﬂ%&mt ' hav?'uyl ene

chiori de (100 sn'hc)tumsomﬂsierd withpdssseisBr@efluorophenyl)-[3H]-naphtho[2,1-b]pyran-3-
yl]-2,2"-bithiophene. |

Example 5
Step 1.

—
W

Tin (IV) chloride in methylene chloride (100 ml) was added dropwise under
nitrogen with stirring to a ice-cooled solution of bithiophene (2 g, 12 mmol) and p-
methoxy benzoyl chloride (2.72 g, 16 mmol) in methylene chloride (25 ml). After
addition, the reaction mixture was stirred further 10 minutes, and then stirred at
room temperature for 2 hrs, poured onto crushed ice (100 g). The organic layer was
20 separated. Aqueous layer was extracted with methylene chloride (15 ml). The
combined organic solutions were concentrated to remove most of the solvent. The
residue was filtered through a plug of silica gel and washed with methylene
chloride/ethyl acetate (10 : 1). Removal of solvent left an oil which was solidified
on standing. Recrystallized from methylene chloride/hexane generated yellow-green
25  crystal (4.06 g). Nuclear magnetic resonance (NMR) spectrum showed the resulted
product has the structure consistent with (2,2"-bithiophene-5-yl)-p-methoxyphenyl

ketone.

Step 2.
30 The process of step 2 in Example 1 was followed except (2,2"-bithiophene-5-yl)-p-
methoxyphenyl ketone was used instead of p-methoxyphenyl-thiophene-2-yl-ketone.



nitrogen with stirring to a ice-cooled solution of bithiophene (2 g, 12
nmol ) and p- net hoxy benzoyl chloride (2.72 g, 16 mmol) in nethyl ene

chl ori de WwB93mp()718 After addition, the reaction m xture wRETAIS02/2%6 f urt her
10 minutes, and then stirred at roomtenperature for 2 hrs, poured onto
crushed ice (100 g). The organic |l ayer was 20 separated. Aqueous |ayer was
extracted with nethylene chloride (15 m). The conbined organic sol utions
were concentrated to renove nost of the $blvent. The residue was filtered
t hrough a plug of silica gel and washed with nethylene chl ori de/ et hyl

acetate (10 : Rgrmval of sol vent Ielft an oil gol i di f| ed on

S andi ng.  Reck SUloar PIOWLRi ForPHERG! SHELSEnToFTeHE FroRaRe (JRRFsnectum

yel | ow green 2aw6d dtrdduited pRRIuSD has NI BRIurEBARR G vmﬁpma@%wﬁm%he gpectrum
showed the resulted product has the structure consistent wt

(2, 2' - bi t hi opthenét-breylioxypherpt)hmwpydbhieriydl. ket one. Step 2. 30 The process of
step 2 in Exanple 1 was followed except (2,2'-bithiophene-5-yl)-p-

met hoxyphehyl ketone was used instead of

p- met hoxyphery&ighl ophene- 2-yl - ket one. WD 03/020718 PCT/ US02/ 25669 18 A
yel | ow- brown o1l was obtai ned. Nucl ear magnetic resonance (NWVR) spectrum
showed t he r ehelprectspoiaed ihBsampie 1staSlfotlweﬂ owapt thateh(2,di-bithiophene-3-

%aé%?;g*;‘s;“gﬁfi‘%&%e%ﬁqé%@»‘a&éﬁa‘? A R o 1 hmgtmophem 1P >
1-(2,2'-bith'<?§&ﬂn{§§%g )%/%Jr%p -yfar-BEL R G bélsbﬂa%s%bmeh @M&@? éﬁ}ﬁ?i oh

instead of 1 henyl’)-1- (throphenhe-2-yl)prop-2-yn-1I-
purpl e solod shesedliteqirodutt tahRe seutturmechsisehowel 3t bitbopbenet Byhadve a

structure conS|ste 2,2'-b hene 5-yl) - 3-
( p- met hoxy pheRyms§t ?@ﬂ?ﬁl ‘h‘gb&téﬂo‘[“?hﬁmt}é E}’S‘g It was used as Conparative
Exanpl e 5 desg{,0addNe @I itR% Example 5 described hereinafter.

15 Step 4.
The process of step 4 in Example 1 was followed except that 3-(2,2'-bithiophene-5-
y1)-3-(p-methoxyphenyl)-[3H]-naphtho[2,1-b]pyran (230 mg, 0.51 mmol) was used
instead of 3-p-Methoxyphenyl-3-(thiophene-2-yl)-[3H]-naphtho[2,1-b]pyran.
Yellow-green solid (191.6 mg) was obtained. NMR spectrum showed that the

20 resulted product has the structure consistent with 5,5"-Bis[3-(p-methoxyphenyl)-
[3H]-naphtho[2,1-b]pyran-3-yl]-[2,2',5",2",5",2"]-quaterthiophene.

Example 6
Step 1.

25 The process of step 1 in example 5 was followed except the 2-naphthoyl chloride
(3.05 g, 16 mmol) was used instead of p-methoxy benzoyl chloride. A yellow solid
(3.18 g) was obtained. NMR showed the resulted product has the structure consistent
with (2,2'-bithiophene-5-yl)-(naphthalene-2-yl) ketone.

30 Step 2.



15 Step 4. The process of step 4 in Exanple 1 was foll owed except that
3-(2,2'-bithi ophene-5- yl)-3-(p-nethoxyphenyl)-[3H] - napht ho[ 2, 1- b] pyran
(230 ng, wWok/omTes ) was used instead of PCT/US02/25669

3- p- Met hoxyphenyl - 3- (t hi ophene- 2-yl ) -[ 3H] - napht ho[ 2, 1- b] pyr an.

Yel | ow-green solid (191.6 ng) was obtained. NWVR spectrum showed that the 20
resul ted product has the structure consistent with

5,5"" - Bi s[ 3- (p- met hoxyphenyl ) - 19

[ 3H] - napht ho[ 2, 1- b] pyran-3-yl]-[2,2',5",2",5",2""]-quatert hi ophene.

Exanple 6 St g b I - g%@gp o _kqywed except
t he 2-napht hg%e]%rﬁ%g? gggte&(gﬁgg&raﬂfellz&/% S)k\?\d/as' u eécf?zl g)é e g&g‘%k&wﬁet hoxy
benzoyl chl or(ndghthdleneel vk esamlkeivdas used iiStegd ofipenatindaiphad,]-(tHidpheheped)-t he
resulted product has the structure consistent wth

(2, 2" - bi t hi opféens. 3 yeljay-REPHL oihManebiaingd) NMR speetrugpshomed the regigteh/ 020718
PCT/ US02/ 2566, S..Qf.: @ 11 HE yas %cept
(2, 2 -bi ¢ opfuietads e RiRaEatatkisBhERR 102 E AR el 19D e BB E3

p- met hoxvphembpropiephene- 2-yl ) - ketone. A yellow brown oil was obtai ned.
NVR spectrum showed the resulted 5 product has the structure consi stent
with 1-(2,2'-bithiophene-5-yl)-1-(naphthal ene-2- yl)prop-2-yn- | -ol. Step
3. The proces§te‘2f3 step 3 in Exanple I was foll owed except that

1- (2, 2' - bi t hi ophéne-5- 10 yl)-1-(napht hal ene-2-yl)prop-2-yn-1-ol was used

i nstead of 1-THe pretdexypbeoyh Exémp(etlh\ivwf@em@e@cydebplh@pt-gzynbithi@hhené-ﬂe| | ow
orange solid was obtained. NVMR spectrum showed the product to have a
st ruct ur e 18on¥)-dt@pphthglens-Zypprop-Z-ynlloyasdsed instead of 1-(4-methoxyphenyl)-1-

o1 oL B2l ) PR R A8 ol
spectrum showed the product to have a structure consistent with 3-(2,2"-bithiophene-
5-yl)-3-(naphthalene-2-yl)-[3H]-naphtho{2,1-b]pyran.

It was used as Comparative Example 6 described hereinafter.

15
Step 4.
The process of step 4 in Example 1 was followed except that 3-(2,2"-bithiophene-5-
yl)-3-(naphthalene-2-yl)-[3H]-naphtho{2,1-b]pyran (237 mg, 0.5 mmol) was used
instead of 3-p-Methoxyphenyl-3-(thiophene-2-yl)-[3H]-naphtho[2,1-b]pyran. A

20 yellow-green solid (208 mg) was obtained. NMR spectrum showed that the resulted
product has the structure consistent with 5,5"-bis[(naphthalene-2-yl)-[3H]-

naphtho{2,1-b]pyran-3-yl]-[2,2',5',2",5",2""]-quaterthiophene.

Analysis of photochromic properties.
25 The naphthopyran compounds of Examples 1 through 6 were dissolved in

chloroform (5.0 x 10 mol/l), then exposed to UV irradiation at 366 nm for 4
minutes. UV spectra were recorded with Varian Cary 50 spectrometer. The molar

extinction coefficient (g), absorption maxima (7.max) are given in Table 1.

30 Fatigue testing was conducted by exposing the solution of photochrome to

UV irradiation (366 nm from 3 W UV lamp) and monitor the change of optical



15 Step 4. The process of step 4 in Exanple | was foll owed except that
3-(2, 2" -bithi ophene-5- yl)-3-(napht hal ene-2-yl)-[3H] - napht ho[ 2, 1- b] pyran
(237 nmg, wom3mmahy was used instead of PCT/US02/25669

3- p- Met hoxyphenyl - 3- (t hi ophene- 2-yl ) -[ 3H] - napht ho[ 2, 1- b] pyran. A 20

yell ow-green solid (208 ng) was obtained. NVR spectrum showed that the
resulted product has the structure consistent with

5,5"' - bi s[ (napht hal ene-2-yl)-[3H] - 20

napht ho[ 2, 1- b] pyran-3-yl]-[2,2',5",2",5",2""]-quaterthi ophene. Anal ysis of

phot ochr om ¢, _pr. t.i s, The 0, n nds _of | es |
through 6 m‘%’egglﬁ{)g{;él 5%‘5 ]izngen chl g?@?g?n@%&g&@ tﬁg%gﬁ%%rgm?t???%?}ﬁgﬁweY%.sed to
UN' i rradi atdcfiated 66 HAP i@l U¥ irfBdiuiodS - ThY s&Resdd spiel Qi_eﬁﬁfyO{Ai?ﬂ@v' th
Varian Cary 50 spectroneter. The nolar extinction coefficient (E),

absor pti on rsaturateon) ¥astekkn hy £\girtadration (3&bhm) for 130 seanidgue t esti ng was
conduct ed by exposing the solution of photochrone to UV irradiation (366
nm from 3 W W | anp) and nonitor the change of optical W 03/020718

PCT/ US02/ 25669 20 density at 1 hour impgryval. Prior to testing, the
solution of photochrone was activated for 1 hour with UV irradiation. The

saturated optiCampdensi {y (DOD@ gasdmmale/dm motiscrhidken by L V'] ixpashetijon
(36§ ii m for g)% ongls. 5 Table 1 Conpound a,,,ax/nm (s/dm3 nol -’
cm')* A max/n anpl e 1 306sh (25700), 318 (32340), 334sh (27610) 534
2 1306sh (2;3700), 1318 ( JUB40)25786Y SN8 (27BD))33480 (275186 (25480) ,
(32620), 3R 2R 400) R (25700, 316 (32540), 3dsh (27630) T oo 220
3 306 (25480), 318 (32620), 332sh (27400) 525
4 306sh (22490), 318 (30670), 336sh (25560) 520, 580
5 304 (15280), 318 (17450), 366sh (28360), 407 (40300) 560
6 305 (16660), 318 (17730), 366sh (28220), 410 (40780) 555
Comp.Ex. 1 |304 (5830), 318 (6990), 347 (4750), 359 (4490) 492
Comp. Ex. 2 {303 (5610), 318 (6930), 348 (4720), 359 (4420) 480
Comp. Ex. 3 |304 (5590), 317 (6860), 347 (4580), 358 (4330) 471
. Comp. Ex. 4 |304 (5550), 317 (6720), 346 (4440), 357 (4260) 459
Comp. Ex. 5 |307sh (20350), 318 (22830) 525
Comp. Ex. 6 [307sh (21660), 318 (15510) 522

* Absorption maxima of closed form.

** Absorption maxima of the opened form.

10 The results on table 1 show that compound I has a higher molar extinct coefficient

and, thus, blocks more UV light than does compound VII.

15



5 304 (15280), 318 (17450), 366sh (28360), 407 (40300) 560 6 305 (16660),
318 (17730), 366sh (28220), 410 (40780) 555 Conp.Ex. 1 304 (5830), 318
(6990), MO oHIBY, 359 (4490) 492 Conmp. Ex. 2 303 (5610pCTAKR82/:6680), 348
(4720), 359 (4420) 480 Comp. Ex. 3 304 (5590), 317 (6860), 347 (4580), 358
(4330) 471 Conp. Ex. 4 304 (5550), 317 (6720), 346 (4440), 357 (4260) 459
Conp. Ex. 5 307sh (20350), 318 (22830) 525 Conp. Ex. 6 307sh (21660), 318
(15510) 522 * Absorption nmaxi ma of cl2bsed form ** Absorption nmaxi ma of

t he opened form 10 The results on table 1 show that conpound | has a

hi gher nol ar extinct coefficient and, thus, blocks nore LJV Iight than
does conpound VH. 15 WO 03/020718 PCT/ US02/ 25669 21 Table 2 Conpound
Exanpl e* AOD( saturation T12 (hr)-- Bpfe¥0 14.6 Conp. Ex. 3 0.58 6.5
*conpound 3 (5.0 x 10"' nol/1) and conparative exanple 3 (1.0 x 10-' noU)
in 5 chl oregropoundExantpée™t | neAOD@ katusationone| under conTixnots irradi atf on
wth W irsradiation(366—nm which is defined as the tine till the change
in optical densit? (DCOD) drops to0¢fhe half pf the initi¥6value. 10 The
results on Talfgmg SN@W that ConpQyiggl T provjdes more ddg}VSHEbb and—a—much
| onger life than does conpound VI1. WO 03/02D718 PCT/US02/25669 \Wat |i s
cl ai med i s*compound 3 (5.0 x 10~ mol/l) and comparative example 3 (1.0 x 10~ mol/l) in

5 chloroform.
**Life time of photochrome under continuous irradiation with UV irradiation (366
nm) which is defined as the time till the change in optical density (AOD) drops to

the half of the initial value.

10 The results on Table 2 show that compound I provides more darkness and a much

longer life than does compound VII.



5 1. A conmpound conprising the formula: (R) t~zx 1, X, A Kn/:P(F;VVm R’
wherein X is sulfur or oxygen; 10 R, R' are the sane or different and are
each i ndependerishiy hydr ogen, hydroxy, hal ogen, nitro, cyaaa/usabbssky |i near
or branched (Cl-C20)al kyl, (C3-C20)cycloal kyl, (C1-C20)al koxy,

(C -C20) al kyl acetyl enyl, phenyl acetyl enyl, (Cl-C20)al kenyl, phenylvinyl,
hal o( C1- C20) al kyl, hal o( C3- C70) cycl oal kyl, hal o( Cl1- C20) al koxy, aryl,

aryl oxy or heteroaryl optionally substitui’ed with (Cl-C6)al kyl or
(C,-Co6)al koxy; 15 arylal kyl or heteroaryl al kyl; nitrogen-containing
heterocyclic ring having 5 or 6 atons optionally substituted(Cl-C6)alkyl
or (C -Co6)al koxy, -N(R1)R2, CON(R1)R2, wherein Rl and R2 nay be the sane
or different gnghar&aifRahs:i ndependently hydrogen, (Cl-C20)al kyl,

(C3-C20) cycl oal kyl, and optionally substituted phenyl;- 000R, -COOR or

- COR, wherei n R represents hydrogen (C1-C20)al kyl, (C3 20 C20)cycl oal kyl ,
or aryl or Eeroaryl naI ?"Iﬁetj tutled wth (Cl C6) al kyl or (C1-

06) al koxy; *A' - A" feSP Sla$ PERY'3and are each independent!y:

| i near or br anched (C1- 012) aI kyl, (C3-Cl2)cycl oal kyl, aryl (Cl-C6)al kyl or
het er oaryl (Cl- C6) al kyl , (Cl-C6)al koxy(C1-C6) al kyl , (Cl- 25 C12) al koxy,

hal o( C1- C12) al kyl, (Cl-C12)hal oal koxy, (Cl-Cl2)al kylthio; optionally
substituted aryl groups; optionally substituted heteroaryl groups; WO

03/ 020718 PCT/ US02/ 25669 23 /=a=\gr oup of the following formulae: 8 5 or
wherein B is hydrogenRY !@ substituted aryl;
unsubstituted or nono- suk |, i mdazolyl,

wherein X is sulfur or oxygen;

10 R’, R" are the same or different and are each independently hydrogen, hydroxy,
halogen, nitro, cyano, allyl, linear or branched (C;-Cyp)alkyl, (C;-Cyo)cycloalkyl,
(Ci-Cy)alkoxy, (Ci-Cyo)alkylacetylenyl, phenylacetylenyl, (C;-C;p)alkenyl,
phenvivinyl, halo(C;-Cyg)alkyl, halo(C:-Cig)cvcloalkyl, halo((_?l-Czo)alkoxy, aryl,
aryloxy or heteroaryl optionally substituted with (C;-Cg)alkyl or (C,-Ce)alkoxy;

15 arylalkyl or heteroarylalkyl; nitrogen-containing heterocyclic ring having 5 or 6
atoms optionally substituted(C,-Cg)alkyl or (C,-Cs)alkoxy, -N(R;)R;, CON(R;)R3,
wherein R; and R; may be the same or different and are each independently
hydrogen, (C,-Cy)alkyl, (Cs-Cyo)cycloalkyl, and optionally substituted phenyl;—

_ OCOR, —COOR or —-COR, wherein R represents hydrogen, (C;-Cy)alkyl, (Cs-

20 Cyp)cycloalkyl, or aryl or heteroaryl optionally substituted with (C;-Cq)alkyl or (C,-

Ce)alkoxy;

A’, A" may be same or different and are each independently:
linear or branched (C;-C,2)alkyl, (C3-Cy;)cycloalkyl, aryl(C;-Ce)alkyl
or  heteroaryl(C-Ce)alkyl,  (C;-Cg)alkoxy(C,-Ce)alkyl, (Cy-

25 Ciz)alkoxy, halo(C,-Ciz)alkyl, (C,-Ci;)haloalkoxy, (C;-Ci,)alkylthio;

optionally substituted aryl groups;
optionally substituted heteroaryl groups;



p} Tazol i nyl, im dazolinyl, or acridinyl, each of the said substituents 10
sel ected fromthe group consisting of (Cl-C6)alkyl, (Cl-C6)alkoxy, fluoro,
chl oro, awooplenrys. (f) a group of the follow ng fornmul aePCRASORES69 | p 4
R4 or 15 wherein C, D may be the sanme or different and are each

i ndependently carbon, oxygen, (Cl-Cl2)al kyl nitrogen, or (Cl-Cl2)acyl
nitrogen; R3 and R4 are each hydrogen or SC1- Cl2) al kyl; and wherein the
phenyl moiety is optionally substituted wth (Cl- 20 Cl12)al kyl ,

(C1-C12) al koxy, (C2-Ci12)acyl, fluoro, or chloro ; nis an integer from1l to

8, and mis an integer from@,to.3..25 .2 The compound of claim 1,
wherein: X is sul f 4P °6§Vg{§H?W\RéfB§$UE%718 PCT/ US02/ 25669 24 R, R' are

the sane or different and are each independently hydrogen, nitro, cyano,
allyl, fluoro, chloro, brono, trifluoronethyl, trichoronethyl, pyrrolidino,
5 pi peridi no, norpholino, phenyl, benzyl; linear or branched (Cl-C6)al kyl,
(C1 Co6)al koxy, or -OCOR or - erein Ris hyd=g®n, (Cl-C6)al kyl, (C3-
C6) cycl oal kyl; A, A" are the sanme oB different and are each i ndependently:
| i near or branched (Cl-C6)al kyl, (C3-C6)cycloal kvl, aryl (C-C4)al kyl 10 or
heteroarngCI-C4)aIkyL (Cl-Co6) al koxy(Cl -Co) al kvl

or

wherein B is hydrogen, (C;-C,;)alkyl or optionally substituted aryl;
unsubstituted or mono-substituted pyrazolyl, pyridyl, imidazolyl,
pyrazolinyl, imidazolinyl, or acridinyl, each of the said substituents

10 selected from the group consisting of (C,-Cs)alkyl, (C,-Cg)alkoxy,
fluoro, chloro, and phenyl.

(f)  a group of the following formulae:

o O

or
15 wherein C, D may be the same or different and are each
independently carbon, oxygen, (C,-C;2)alkyl nitrogen, or (C;-C;;)acyl
nitrogen;
Ri and R4 are each hydrogen or (C,-C;,)alkyl; and
wherein the phenyl moiety is optionally substituted with (C;-
20 Ciy)alkyl, (C-Cip)alkoxy, (C,-Ci3)acyl, fluoro, or chloro ;

n is an integer from 1 to 8; and

m is an integer from 0 to 3.

25 2. The compound of claim 1, wherein:

X is sulfur or oxygen;



unsubstituted, nono-, di-substituted aryl selected from phenyl or
napht hyl ,; unsubstituted or nono-substituted heteroarvi groups that are
furyl, twoaapko7ipyrryl, indolyl, benzofuryl, benzothi enylPCTso2/eB669 15
di benzofuryl, dibenzothienyl, or carbazolyl the substituents being nitro,
am no, cyano, hydroxy, epoxy, hydroxyethoxy, nethoxyethoxy,

hydr oxyet hoxyet hoxy, net hoxyet hoxyet hoxy, fluoro, chloro, brono, i odo,
vinyl, allyl, trifluoronethyl, phenyl, (Cl Cs)alkyl, (Cl- C8)al koxy,
cyclo(CB-CB)aIkyI, cyclo(CI-CB)aIkoxy, (a 20 C6))a|ky|anino,

di (Cl -C6)al kyl am no, diarylam no, phenyl acetylenyl, or phenylvinyl;

N(Cl - C6) al kyl pi perazino, N-aryl-piperizino, aziridino, indolino,

pyrrolidino, RyrgohieNe sith®6f didfehu aﬁ&hreféa)cﬁldfdfépeh&%m%afbge I%Eb o,
C4) al kyl pi peri dino, 4-piperidinopiperidino, norpholind, %yg.n

C4) al kyl nmor phallylnoﬂubfu orcblopdol bromo, tltmﬂmroimrhyho tnchletam:h;mir ogwiroldinep, or
pyrryl; N(R1) wher ei n and R2 are or_di fferent

and are each Pmﬁé‘gg\ldéﬂ%r%c’lllﬂpdrﬁ&é‘ﬁl I? QZGL:%“RWT E’{”@ﬁge FeteladalkfC

phenyl or - T1ROR o1 @@g? Y

(C3- 06) cycl ot Rin i hmelas oFNGOR ?&hégeé?a'?r‘?mm?%ﬁe (tgncc?)“@@og%20718

PCT/ US02/ 2566936)ayc11081k§h |nt eger fromO to 2. 5 3. The conpound of claim

1, wherein: Xis suIL I? are the sane or dlfferent and are each
i ndependent | yﬁhy‘ﬂréﬁé es*ﬁ’i‘ft?rdthSFEh@‘d arg eaedy deReAdatly: brono, pyrroli dino,

pi peridino, morpholino, le&?Wlbra&%@&%b Céa%wl%;- 5¥;'cloaﬁfcvl( le&f' )64)51%?/
10 or heteroaryl(C,-Cys)alkyl, (C;-C¢)alkoxy(C,-Cs)alkvl;
unsubstituted, mono-, di-substituted aryl selected from phenyl or
naphthyi,;
unsubstituted or mono-substituted heteroaryl groups that are furyl,
thienyl, pyrryl, indolyl, benzofuryl, benzothienyl, pyridyl,
15 dibenzofuryl, dibenzothienyl, or carbazolyl the substituents being
nitro, amino, cyano, hydroxy, epoxy, hydroxyethoxy, methoxyethoxy,
hydroxyethoxyethoxy, methoxyethoxyethoxy, fluoro, chloro, bromo,
iodo, vinyl, allyl, triflucromethyl, phenyl, (C;-C¢)alkyl, (C;-
Ce)alkoxy, cyclo(C;-Ce)alkyl, cyclo(C,-Cg)alkoxy, (Cy-
20 Ce))alkylamino, di(C,-Cg)alkylamino, diarylamino, phenylacetylenyl,
or phenylvinyl;
N(C,-Cs)alkylpiperazino, N-aryl-piperizino, aziridino, indolino,
pyrrolidino, pyrrolino, piperidino, (C;-Cs)alkylpiperidino, di(C,-
Ca)alkylpiperidino, 4-piperidinopiperidino, morpholino, 2,6-di(C;-
25 Cs)alkylmorpholino, thiomorpholino, thioazolidino,
tetrahydroquinolino, or pyrryl,
N(R)R;, CON(R})R;, wherein R; and R, are the same or different
and are each independently hydrogen, (C,-Cg¢)alkyl, (Cs-
Ce)cycloalkyl, phenyl or —COR, -OCOR or —COOR wherein R is
30 hydrogen. (C,-Cg)alkyl, (C3-Cs)cycloalkyl, or phenyl;

n is an integer from 1 to 6; and



10 A, A" are the sane or different and are each independently: a linear
or branched (Cl-C4)al kvl, (C3-C6)cycloal kyl; unsubstituted, nono-, or

di - subst iwoted2@henyl the substituents being one or norepaff/Us02/23H69 am no,
acyl, cyano, nethoxy, ethoxy, nethoxyethoxy, fluoro, chloro, vinyl, allyl,
met hoxycar bonyl , et hoxycarbonyl, (G -C4)alkyl, di(ClL 15 C4)al kyl am no,

pi perazi no. piperidino, aryl peridino, norpholino, pyrrolidino, aziridino,
acryl oxy, nethacryl oxy, phenyl acetyl enyl,-> phenylvinyl; unsubstituted or
nono-substituted furyl, thienyl, or pyrryl substituted with a substituent
that is (Cl-C4)al kyl or phenyl; 20 nis an integer froml to 4, and mis,

i ndependently, integer fromO to 2. 4. A conpound selected fromthe group
consi sting of mis an integer from 0 to 2.

5, 5" - Bi s[ 3- (p- et hoxyphenyl ) -[ 3H] - napht ho[ 2, 1- b] pyran-3-yl ]-2, 2" -bit hi ophen
e; 25

_5, 5 -Bi s[ 3-5( pymet h%g@gﬁ]}}éoané%algﬁpm@&[& 1-b] pyran-3-yl]-2,2" -bithi ophene
5, 5' - Bi s[ 3- (pXiswarfephenyl ) - [ 3H - napht ho[ 2, 1- b] pyran-3-yl]-2, 2" - bi t hi ophene
5,5 - Bi s[ 3- (o-RI’,I R{omph@sa;mg or{@ffrenigud tahogazh indgppydently hydidgeR, tre iyaho,ophene

; 5,5"'-B h th .
[ 2, 1- b] pyr:alﬁ[ '%Hp? mgggyréol dQ“FUﬂ meﬁalgpgmpmllgﬂ}ﬁg,r@en@@benzyl,
5 5""'-Bi s[ 3- (I‘(l@ﬁbid% qﬁ,@ y;v%r 24 - napht ho[ 2, 1- b] pyran-3-yl']-[2,2',5",2",5

,2""1- quatert |oph 037020718 PCT/ US02/ 25669 26
5.5"" - Bi s[B}((A'IAUQralbbeamébrc[xﬁbﬂennamlﬂame@& ﬂrtdbbmdfeﬂnty?» yl1-[2,2',5,2",5",
2"1] - quaterthiophene, 5 5. corrpounds of claiml1, 2, 3, or 4, further

conprising a phot ocﬁﬂ@ﬁﬁf@rbéﬁﬁb%% Goalkrk de-Eoeyslealkylyr oup consi sting of
napht hopyran, spir Oﬁﬁﬁﬂsﬂﬁted?&%ng-r, or di-substituted pheny! the substituents being one or

more of nitro, amino, acyl, cvano, methoxy, ethoxy, methoxyethoxy, fluoro,
chloro, vinyl, allyl, methoxycarbonyl, ethoxycarbonyli, (Cl-C4)aUcyl, di(C;-
15 Cy)alkylamino, piperazino, piperidino, arylperidino, morpholino,
pyrrolidino,  aziridino, acryloxy, methacryloxy, phenylacetylenyl,
phenylvinyl; '
unsubstituted or mono-substituted furyl, thienyl, or pyrryl substituted with a
substituent that is (C;-Cs)alkyl or phenyl;
20 nis an integer from | to 4, and

m is, independently, integer from O to 2.

4, A compound selected from the group consisting of:
5,5'-Bis[3-(p-methoxyphenyl)-[3H]-naphtho[2,1-b]pyran-3-yl]-2,2'-bithiophene;

25 5,5"-Bis[3-(p-methylphenyl)-[3H]-naphtho{2,1-b]pyran-3-yl]-2,2"-bithiophene;
5,5'-Bis[3-(p-fluorophenyl)-[3H]-naphtho(2,1-b]pyran-3-yl]-2,2"-bithiophene;
5,5'-Bis[3-(o-fluorophenyl)-[3H]-naphtho{2,1-b]pyran-3-yl]-2,2'-bithiophene;
5,5"-Bis[3-(p-methoxyphenyl)-[3H]-naphtho(2,1-b]pyran-3-y1]-[2,2',5',2",5",2™]-
quaterthiophene;

30 5,5"-Bis[3-(naphthalene-2-yl)-[3H]-naphtho[2,1-b]pyran-3-y1]-[2,2',5',2",5",2"]-
quaterthiophene; or



nor e nonphot ochrom ¢ dyes, or a conbinations thereof. 10 6. An ophthalmc
| ens conprising a conpound of the formula: (R) OA" K' g/ 1XI to(F;,V)m
R' wher eiwoX3ioz07¢81l f ur or oxygen; 15 R, R' are the sane @ectdishi/zrent and
are each i ndependently hydrogen, hydroxy, halogen, nitro, cyano, allyl,

| i near or branched (C, -C20)al kyl, (C3-C20)cycloal kyl, (C,-C70)al koxy,

(C, -C20) al kyl acetyl enyl, phenyl acetylenyl, (C, -C20)al kenyl, phenylvinyl,
hal o( C, - C20) al kyl , hal o( C3- C20) cycl oal kyl2® hal o(C, - C20) al koxy, aryl,

aryl oxy or heteroaryl optionally substituted with (G -C6)al kyl or

(C, -Co6)al koxy, 20 arylallcyl or heteroarylal kyl; nitrogen-containing
heterocyclic ring having 5 or 6 atons optionally substituted(C, -C6)al kyl
or (C, -C6)al keysy.Bis[¥(3-NzepHea) RINRRaphtMé[erich -39-[R2' sray shevt.he sane
or different and ar.ﬂ;fj (élaach i%depeﬁeﬁ?l% mﬂydro]g)e’ﬂr%l (%1?-[02(3) al kyl ,P

( C3- C20) cycl ogh#smhiophete.opti onal |y substituted phenyl;- 000R, -COOR or
-COR, wherein R represents hydrogen, (C -C20)alkyl, (C3 25 C20)cycl oal kyl,
or aryl or "heteroaryl optionally substituted with (C, -C6)al kyl or (C, -

C6) al koxy; A 5 A" TRY cbRpsatl Sfrcldid 1 e2ent orandfudher 66 risiﬂg%p;ﬂﬂ%dﬂ}dxﬂfc WO
03/ 020718 PCT/ US02/ 25669 27 |inear or branched (Cl-Cl2)alkyl,

( C3- C11) cycl oadpmpdundzselectedifrans yhel group cansishiag of oaphihqperan, spexakink, one or

(C1- Co6) al koxy(C1-Ch) al ﬁ.Ci - 5 C12)al.kox al o( C1- C12) al kyl

( C1- C12) hal oa?rl?&g}?')p?e}%@f i% AKSH Pt %%rgbl%tﬁ%ﬁ%r? “substituted aryl groups;
optionally substituted heteroaryl groups; a group of the follow ng
formulae: 8 10

10 6. An ophthalmic lens comprising a compound of the formula:
(R)) Q A A"
= W4 (R)m
R"

wherein X is sulfur or oxygen;

15 R’, R" are the same or different and are each independently hydrogen, hydroxy,
halogen, nitro, cyano, allyl, linear or branched (C;-Cy)alkyl, (C;-Cyo)cycloalkyl,
(Ci-Cy)alkoxy,  (Ci-Cyo)alkylacetylenyl, phenylacetylenyl, (C;-Cy)alkenyl,
phenylvinyl, halo(C,-Cy)alkyl, halo(C;-Cao)cycloalkyl, halo(C,-Cyp)alkoxy, aryl,
aryloxy or heteroaryl optionally substituted with (C,-Cg)alkyl or (C;-Cg)alkoxy;

20 arylalkyl or heteroarylalkyl; nitrogen-containing heterocyclic ring having 5 or 6
atoms optionally substituted(C,-Cs)alkyl or (C;-C¢)alkoxy, -N(R;)R,, CON(R;)R3,
wherein R, and R, may be the same or different and are each independently
hydrogen, (C;-Cy)alkyl, (C3-Cpo)cycloalkyl, and optionally substituted phenyl;-
OCOR, -COOR or —COR, wherein R represents hydrogen, (C;-Cy)alkyl, (Cs-

25  Cao)cycloalkyl, or aryl or heteroaryl optionally substituted with (C,-Cg)alkyl or (C;-
Ce)alkoxy;

A’, A" may be same or different and are each independently:



or wherein B is hydrogen, (Cl-Cl2)alkyl or optionally substituted aryl;
unsubstituted or nono-substituted pyrazolyl, pyridyl, imdazolyl, 15
pyrazol i nwio,03ioe7d@zol i nyl, or acridinyl, each of the saidpsulasoeicent s
selected fromthe group consisting of (Cl-C6)alkyl, (Cl-C6)al koxy, fluoro,
chloro, and phenyl. (f) a group of the following fornulae: R3 3 R/ R4\
Ra 20 wherein C, D may be the sane or different and are each

i ndependently carbon, oxygen, (Cl-Cl2)al k¥l nitrogen, or (Cl-Cl12)acyl
nitrogen; R3 and R4 are each hydrogen or (Cl-Cl2)al kyl; and 25 wherein the
phenyl noiety is optionally substituted with (Cl- Cl12)al kyl,

(C1-C12) al koxy, (C2-C12)acyl, fluoro, or chloro ; WO 03/020718

PCT/ US02/ 25669 28 n i j { ..car Sv18KH- A (X ¢ rom O
to 5. 5 7. The ophthal m ano e, Cr UMKE (Cr. R BAIg R G SR 00
R, R' are the same or diff beterand{{dl-Gy)alkghch (CrdapakaanC|-Lshajidi,oge(C-

i ot oo B R S RBRBER D o
COOR

| i near or branched (Cl-£8) ; koxy, or -0OCOR or -
wherein R is hydrogen, %@%gg%bﬁelﬁkd%@mﬂs

optionally substituted heteroaryl groups;

a group of the following formulae:

\ﬁ =8

or

10

wherein B is hydrogen, (C;-Ciz)alkyl or optionally substituted aryl;
unsubstituted or mono-substituted pyrazolyl, pyridyl, imidazolyl,

15 pyrazolinyl, imidazolinyl, or acridinyl, each of the said substituents
selected from the group consisting of (C;-Ce)alkyl, (C;-Cg)alkoxy,
fluoro, chloro, and phenyl.

() agroup of the following formulae:

e O

wherein C, D may be the same or different and are each

20

independently carbon, oxygen, (C;-C,;)alkyl nitrogen, or (C,-C,;)acyl
nitrogen;
R; and Ry are each hydrogen or (C;-C;3)alkyl; and

25 wherein the phenyl moiety is optionally substituted with (C;-
Ciz)alkyl, (Cy-Ciz)alkoxy, (C2-Ci2)acyl, fluoro, or chloro ;



C6) cycl oal kyl; A, A" are the sane or different and are each independently:
| i near or branched (Cl-C6)al kyl, (C3-C6)cycloal kyl, aryl (Cl-C4)al kyl or
het er oar yWwp@3M2¢76%) al kyl , (Cl- C6) al koxy( Cl-C6) al kyl ; 15 umeahsb2/isted,
nmono-, di-substituted aryl selected from phenyl or naphthyl,;
unsubstituted or nono-substituted heteroaryl groups that are furyl,
thienyl, pyrryl, indolyl, benzofuryl, benzothienyl, pyridyl, dibenzofuryl,
di benzot hi enyl, or carbazolyl the substitdfents being 20 nitro, am no,
cyano, hydroxy, epoxy, hydroxyethoxy, met hoxyet hoxy, hydroxyet hoxyet hoxy,

nethoxyethoxyethox hi bronmo, iodo, vinyl, allyl,
trifluoromethis anp%é gltc’%G 4ky| (C1- C6)al koxy, cycl o( C3-C6) al kyl ,

cycl o( C1- C6) a},{(@wﬂmeg@}fmgﬁ@}@gkyl am no, di (C1-C6)al kyl am no, diaryl am no,
phenyl acetyl enyl, 25 or phenyl vinyl; N(C1-C6)al kvl pi perazi no,
N-aryl - pi perizi no, aziridi no i ndol i no, pyrrolidi no, pyrrolino,

pi peridino, d| n CA4) al kvl pi peri di no,

4- pi peri di ﬁopl perl ﬁﬁﬁB htf P‘f’?l élalgxg, ?r@f) Cc4) al kyl mor phol i no,

t hi omor phol i nog jd fuilRagad @ 30 tetrahydroquinolino, or pyrryl; WO

03/ 020718 PCT/ US02/ 25669 29i N( R1) R2, CON(R, )R2, wherein Rl and R2 are the
sane or diff &f,&It amnhe sanee exadlffetendmpiamdeaat:h yndepetrdegey hydreger titad, keylano,( C3-

C6) cycl oal kyl , . phen OCOR or_-COOR wherein Ris hyd en,
(C1- 06) al kyl , alixh - &Wyclctsl&r%ylbmlafh pﬁghsﬂmmsthw,u drighjoromesiyd YW%]‘@!HQ,O 6;

and piperidino, morpholino, phenyl, benzyl; linear or branched (CI-C6)alkyl, (Ci-
10 Ce)alkoxy, or -OCOR or -COOR wherein R is hydrogen, (C;-Cs)alkyl, (Cs-
Ce)cycloalkyl,
A’, A" are the same or different and are each independently:

linear or branched (C;-Ce)alkyl, (C3-Cs)cycloalkyl, aryl(C,-Cj)alkyl
or heteroaryl(C,-Cs)alkyl, (C,-Ce)alkoxy(C;-Cg)alkyl;

15 unsubstituted, mono-, di-substituted aryl selected from phenyl or
naphthyl,;
unsubstituted or mono-substituted heteroaryl groups that are furyl,
thienyl, pymryl, indolyl, benzofuryl, benzothienyl, pyridyl,
dibenzofuryl, dibenzothienyl, or carbazolyl the substituents being

20 nitro, amino, cyano, hydroxy, epoxy, hydroxyethoxy, methoxyethoxy,
hydroxyethoxyethoxy, methoxyethoxyethoxy, fluoro, chloro, bromo,
iodo, vinyl, allyl, trifluoromethyl, phenyl, (C,-Cs)alkyl, (C;-
Ce)alkoxy, cyclo(C3-Cg)alkyl, cyclo(C,-Cg)alkoxy, (Ci-
Ce))alkylamino, di(C;-Cs)alkylamino, diarylamino, phenylacetylenyl,

25 or phenylvinyl;
N(C,-Ce)alkylpiperazino, N-aryl-piperizino, aziridino, indolino,
pyrrolidino, pyrrolino, piperidino, (C;-Cg)alkylpiperidino, di(C;-
Cs)alkylpiperidino, 4-piperidinopiperidino, morpholino, 2,6-di(C;-
C,)alkylmorpholino, thiomorpholino, thioazolidino,

30 tetrahydroquinolino, or pyrryl,



inis an integer fromO to 2. 8 The ophthalmc lens of claim1, wherein:
Xis sulfur; 10 R, R' are the sane or different and are each i ndependently
hydr ogen,woimneg7ig€yano, fluoro, chloro, brono, pyrrolidi ror/ysopesesei no,

nmor phol i no, phenyl, benzyl, (C 1-C4)al kyl, or (C 1-C4)al koxy; A, A" are
the sanme or different and are each independently: a linear or branched
(C1-C 1)al kyl, (C3-C6)cycloal kyl; 15 unsubstituted, nono-, or

di -substituted phenyl the substituents bei>ng one or nore of nitro, am no,
acyl, cyano, nethoxy, eNRRR; net0idiRatRwoxyhefeinudto,andcRb care, thei mamhe al |yl ,

net hoxycar bonyl, etho bonyl , (Cl-C. 4)al kvl, di (Cl- C4)al m.n

pi pergi no, piyperi di n)éyggfﬁfﬁ“bé“poqgﬁcﬁagﬁd%%%ﬁ‘%%?l ﬁ’fﬂlngfa‘l’ i)(gﬁ"%,ga%&‘ﬂi &:Hi no,

acryl oxy, methacryl oxy, c@ﬁﬁmlgﬁ?gx&ﬁmydp{@ﬂ RbEIOR \Grmdcé)gt{n&-ﬁe%gj Ruised or
r a S

nono- substituted furyl, i enyl’, pyrryl substituted wi substi tuent

that is (Cl-C4)al kyl orhptregen, (CinCé)slkah (Cr€Ceggelodlkphodphemylt, and mi s,
compound Sél SBith PG THB LPdi™ consi sting of | oS ng
53 5'-Bi s[3-( ph{fﬁtanmégé}%ﬁk b1é 3Hl - napht ho[ 2, 1- b] pyran-3-yl]-2, 2" - bi t hi ophen
g: 5' - Bi s[ 3- (p- net hyl phenyl ) -[ 3H] - napht ho[ 2, 1- b] pyran-3-yl ]-2, 2" -bi t hi ophene
5, 5'3?Bi s[ 3- (p3f | uolBprERPrimic anp oficlaim hoihersing] pyr an- 3-y1]-2, 2' - bi t hi ophene

,5, 5'-Bis[3-( o?%ﬁsﬁglrf%rﬁ)henyl )-[ 3H] - napht ho[ 2, 1- b] pyran-3-yl]-2, 2" -bithi ophene

;WO 03/ 02037 1’ RCTArdThe4anme6r i fferdnt and are each independently hydrogen, nitro, cyano,

5,5"" - Bi s[3- (p: et hoxyphenyl ) - [ 3H] - napht hof 2. 1- b] pyran-3-y11-[2, 27, 5", 2", 5"
ino, phenyl, benzyi,

,2"] - fluoro, chioro, bromo, pyrrolidino, piperidino, morpho
(Cy-Cy)alkyl, or (C;-Ca)alkoxy;
A’, A" are the same or different and are each independently:
a linear or branched (C,-Cs)alkyl, (C;-Ce)cycloalkyl,
15 unsubstituted, mono-, or di-substituted phenyl the substituents being one or
more of nitro, amino, acyl, cyano, methoxy, ethoxy, methoxyethoxy, fluoro,
chloro, vinyl, allyl, methoxycarbonyl, ethoxycarbonyl, (C,-C.)alkvi, di(C,-
C4)alkylamino,_ piperazino, piperidino, arylperidino, morpholino,
pyrrolidino, aziridino, acryloxy, methacryloxy, phenylacetylenyl,
20 phenylvinyl;
unsubstituted or mono-substituted furyl, thienyl, or pyrryl substituted with a
substituent that is (C,-C,)alkyl or phenyl;
n is an integer from 1 to 4, and
m is, independently, integer from O to 2.
25
9. An ophthalmic lens comprising a compound selected from the group
consisting of:
5,5'-Bis[3-(p-methoxyphenyl)-[3H]-naphtho(2,1-b]pyran-3-yl]-2,2'-bithiophene;
5,5'-Bis[3-(p-methylphenyl)-[3H]-naphtho[2,1-b]pyran-3-yl}-2,2'-bithiophene;
20 5,5-Bis[3-(p-fluorophenyl)-[3H]-naphtho{2,1-b]pyran-3-y1]-2,2'-bithiophene;
5,5'-Bis[3-(o-fluorophenyl)-[3H]-naphtho{2,1-b]pyran-3-yl]-2,2'-bithiophene;



guat ert hi ophene; 5

5,5"" - Bi s[ 3- (napht hal ene-2-yl)-[ 3H] - napht ho[ 2. 1- b] pyran-3-yl]-[2,2',5,2",5"
, 21" ] - quaiDespkizephene; or PCT/US02/25669

5,5"" -Bi s[ 3- (o-fluorophenyl)-[ 3H] - napht ho[ 2, 1- b] pyran-3-yl]-[2,2',5",2",5",
21"]- quaterthiophene. 10 10. The ophthalmc lens of claim6, 7, 8, or 9.
further conprising a photochromc conpound selected fromthe group

consi sting of naphthopyran, spirooxazine,?%ne or nore nonphotochronc
dyes, or a conbinations thereof. 11. A nethod for making a naphthopyran
conmpound conprising the step of 15 coupling a propargyl alcohol with a
napht hol in the presence of a catalytic anmount of an acid, a solvent and

3A ol ecul ar  §keMR§ 31(B-rHQASHFhEn B HIARhIHOPY I Blpye MBS, 2' 52" 5" 2"]-
quaterthiophene;
5 5,5"-Bis[3-(naphthalene-2-yl)-[3H]-naphtho[2,1-b]pyran-3-yl]-[2,2',5",2",5",2"]-
quaterthiophene; or
5,5™-Bis[3-(o-fluorophenyl)-[3H]}-naphtho[2,1-b]pyran-3-y1}-[2,2',5',2",5",2™]-

quaterthiophene.

10 10.  The ophthalmic lens of claim 6, 7, 8, or 9. further comprising a photochromic
compound selected from the group consisting of naphthopyran, spirooxazine, one or

more nonphotochromic dyes, or a combinations thereof.

11. A method for making a naphthopyran compound comprising the step of
15 coupling a propargyl alcohol with a naphthol in the presence of a catalytic amount of

an acid, a solvent and 3A molecular sieves to generate the naphthopyran compound.



