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NAPHTHOPYRANS ANO PHOTOCHROMIC ARTICLES 

The presjlllt invention rela.t:es to certain uovel. 
.. . . .. 

~ht:hopyrcui compounds. ·More particularly, this invention 

relates to novel. photoc:hromic: naphthapyran coafpounds and to 

compositions and articles containing such novel."na.phthcpyran . . . . 
10. c:oinpounds: When exposed to light radiation in.vol ving 

·Ul.t:raviolet rays, such. as the ultraviol.et radiation in 

sunlight: or the light: of a mercury .la.nip, many photo~omic 
compounds exhibit: a reversible change in color. When. the . . . 

.. ··ultraviolet: radiation is disc:ont~ued, suc:h a photoc:hl:omic: 

1S compound_ will retm:n to its original color or colorles.s state. 
. . 

Various classes of photochromi.c compounds ha.ve been 

synthesiz;ed and suggested for use ·in appliea.t:ions in w!µah a 
; 

su:al.ight:-induced reversib!e color change or darkening is 

desired. u. s. · l'a.t:ent J, ?67, 60S· (Bec:ker) describes a series( of 

20 pyran derivatives·, including cert:~ 1'enzop~ and 

na.phthopy.rans. These compounds ·a.re described. as. derivatives 

of chromene .and. are reported to undergo a. color change, e.g. , 
from. colorless to yellow-orange,. on irradiation by. u1travi.olet . . . .. 

light at. temperatures below about -3o 0 c. trrad.ia.t:ion. of t.b.e 

2S compounds wit:h vis~le light. or upon raising the tetapera.t:ure 

to above ab~ut 0°C i~ reported to reverse the coloration to a 

colorless state. 
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U.S. Pat:ent S,066,SlS describes various 3,3-dia.ryl­

JH-naphtho(2,l-b]pyrans as having de~ira.ble photochromic 
.. ·~- . -

properties, i.e., high colora.bility and acceptable fade, for 

ophthalmic: and o~her applications. Als~. disclosed by way of 
'· 

comparative example in the •aia pa.tent are' the isomeric 2,2-

r- f'I. •"!! 
., 
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diaryl-2H-naphtho(l,2-b]pyrans, which are reported to require 

unacceptably long periods of time to fa~e after activation. 

· U.S. Patent 3,627,690 describes photochromic 2,2-di­

substituted-2H-naphtho(l,2-b]pyran compositions containing 

S minor amounts of either a base or weak-to-moderate.strength 

acid. The addition of either an acid or base to the 
~ . 

naphth.opyran ·composition .. is reported to increase the fade rate 

of the colored naphthopyrans ,. thereby making them: useful ·in . 

eye protection.applications such as sung~asses. rt is 
. . 

10 reported therein furth;~r that th¢ fade rate of 2H-naph~-.... .. . 

(l,2-b]pyrans without the aforementiOI?-ed additives ranges from 

several hours to many days to reach complete reversion. U.S. 

Patent 4,818,096 discloses a blue coloring photochromic benzo­

or naphthopyran having at the position alpha .to the oxygen of 

IS the pyran ring a phenyl group having a nitrogen containing . . . 
substituent in. the ortho or para positions. 

The present invention relates _to novel substituted ,.. 
2H-n,aphtho(l,2-b]pyran compounds which have been une:Xpectedly . . 
found to have an_ac6eptal;>le fade rate in addition to a high 

20 activated intensity and a high col.oration rate. In . 

particular, the use of certain·substituents at the S-position 

of the naphtho-portion of the naphthopyran compound increases 

the fade rate without the addition of acids or bases: In 

addition, these compounds have certain substituents at the 2-

2S position of the pyran ring. Certain substituents may also be 

present at the number 6, 7, 8, 9 or lO carbon atoms of the 

naphtha ~ortion of the naphthopyran. 

30 

DETAILED DESCRIPTION OF THE INVENTION 

In recent years, photochromic plastic materials, 

particularly plastic materials for optical applications, have 

been the subject of considerable attention. In particular, 
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photochromic ophthalmic plastic lenses have been investigated 

because of the weight advantage they offer; _vis-a_-vis, glass 

lenses. Moreover, photochromic transparencies for vehicles, .. 
such as cars and airplanes, have been of interest because of 

S ·the potentiaI ~afety features that such transparencies offer. 

In ac~rdance with the present invention, it has now 

been discovered that certain novel 2R-naphth~[1,2-b]pyran 

·compounds hav:ing·an acceptable ~ade rate, high activated 

int:ensity and a high coloration rate may be prepared. These 

10 compounds ·may be described as naphthopyrans having certain 

substituents at the 2 posit1on of ·the pyran ring and at the 

nutnl?~r S carbon atom of the naphtho• portion of the 

naphthopyran ring. Certain substituents may al.so be present 

at the ~' 7, 8, 9 or 10 carbon atoms of the naphtho portion of 

IS the naphthopyran ring. These compounds may be represented by 

the fQllowing gr~phic formula: 

20 

B 

B' 

I 

In graphic formula I, R1 may be the group, -CH2X or 

-C(O)Y, X may be halogen, hydroxy, benzoyloxy, c1-c6 alkoxy, 

C2-C5 acyloxy, amino, c1-c6 mono-alkylamino, c1-c6 

dialkylamino; i.e., di(c1-C5) alkylamino, morpholin~, 

25 piperidino, 1-indolinyl, pyrrolidyl, trimethylsilyloxy, or the 

group, -OCH(R11)Z; Y may be the group, -OCH(R11)Z or an 
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unsubstituted, mono-substituted, or di-substituted 

heterocyclic ring selected fro~ the group consisting of l­

indolinyl, morpholino, piperidino, 1-pyrrolidyl, 1-
-. . 

imidazolidyl, 2-imidazolin-l-yl, pyrazolidyl, pyrazolinyl and 

· 5 1-piperazinyl; Z being -CN, -CF3, halogen, -C(O)R121 or 

-COOR13; Ri1 and Ji.i2 may be hydrogen or C1 -C5 alkyl; R13 may 

be hydrogen; the heterocyclic ring s_ubstituents may be c1 -c6 

alkyl or Ci-C6 alkoxy, and haloge~ may be chloro or fluoro. 

Preferably, R1 is the group, -CH2X or -C(O)Y, 

10 wherein Xis hydroxy, c1-c4 alkoxy, or C2-C4 acyloxy, Y is the 

group, -OCH{R11)z, or ·an unsubstituted or mono-substituted 

heterocyclic ring selected from the group consisting of 1-

indolinyl, morpholi~o, piperidino, and 1-pyrrolidyl, wherein z 
is -CN, -C(O)R121 or -COOR13, Ri1 and R12 are hydrogen or 

15 C1-c4 alkyl, R13 is hydrogen; and the heterocyclic ring 

substituents are c1-c4 alkyl or c1-c4 alkoxy. 

More preferably, R1 is the group, -CH2X, or -C(O)Y, 

wherein Xis hydroxy, c1-c4 alkoxy, or c2-c4 acyloxy and Y is 

an unS\lbstituted or mono-substituted heterocyclic ring 

20 selected from the group consisting·of 1-indolinyl, morpholino, 

and piperidino. Most preferably, R1 is hydroxymethyl, 

acetoxymethyl, morpholinocarbonyl, or piperidinocarbonyl. 

R2 and each R3 in graphic formula I may be hydrogen; 

C1-C6 alkyl, C3-C7 cycloalkyl, unsubstituted, mono-, di-, or 

25 tri-substituted phenyl, the group, -OR6, wherein R6 may be 

hydrogen, (C1-C6)alkyl, phenyl(C1-C3)alkyl, mono-substituted 

phenyl(C1-C3)alkyl, (C1-C6)alkoxy(C2-C4)alkyl, c 3-c7 ·· 

cycloalkyl, mono(c1 -c~)alkyl substituted C3-~7 cycloalkyl, 

C1-C5 haloalkyl, allyl, the group, -CH(R7)w, wherein w may be 
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-CN, -CF3 , halogen, -C(O)R7 , or -cooR7, wherein R1 may be 

hydrogen, c1._.c6 alkyl, or cc1 -C5} al.koxy(C2-C4) alkyl, or R0 may 

be the group, -C(O}T~ wherein T may be hydrqgen, C1-~6 alkyl, 

Ci-C? alkoxy, the substituted or unsubstituted aryl groups 

S phenyl or naphthyl., phenoxy, c1-cs mono-or di~alkyl 

subs~ituted phenoxy, c1-c0 mono-or' di-alkoxy s~st~tuted 

phenoxy, Ci-Cs monoalkylamino, phenyl.amino, Ci-Cs. mo:p.o-or d;i.­

alkyl substituted phenylamino, c1~c0 mono-or di- alkoxy 

substituted phenyl.amino, each of said phenyl or naphthyl 

10 substituents-being c1 -c6 alkyl, c 1 -c0 alkoxy or halogen, each 

of said halogen.or halo subs~ituents being ch1~ro or ~luoro, 

and n is selected from the integers o, l, 2; and 3. 

Preferably, a2 and e~ch R3 are hydrogen,. Ci -C4 

alkyl, unsubstituted, mono-, di-, or tri-substituted phenyl, 

ts the group, -OR6 , wherein R0 is c1 -C4 alkyl: or. the group, 

-CH(R7}W, wherein Wis -COOR7, and R1 is .... hydrogen or Ci-C4 

alkyl, the phenyl substituents are C1-C4 alkyl, C1-C4 ~lkoxy 

or fluoro and n is selected from the intege;s o, l and 2 . 
..... 

More preferably, R2 and each RJ are hydrogen, C1-C2 

20 alkyl, unsubstituted~ mono-, di-, or tri--~stituted p~nyl, 

the group, -OR5, wherein R0 is c1-c2 alkyl or the group, 

-ctr(R7)W, wherein Wis -COOR7, and R1 is C+-C2 alkyl,·the 

phenyl substituents are C1-c2 .alkyl, C1-C2 alkoxy or'fluoro, 

and n is selected from the integers O, l and 2. Most 

2S preferably, R.2 and each R3 are hydrogen, · phenyl, methoxy, 

methyl or fluoro. 

In graphic formula I, Band B1 may each be· selected 

from the_ group consisting of: (i) "the unsubstituted, mono-, 

di-, and tri-sub.stituted aryl groups phenyl and naphthyl; (ii) 

30 the unsubstituted. mono- and di-substituted heterocyclic 
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aromatic groups pyridyl, furanyl, benzofuran-2-yl, benzofuran-

3-yl, thienyl, benzothien-2-yl, benzot:hien-3-yl, · 

dibenzothienyl, dibenzofuranyl, and carbazq~yl, the aryl and 

heterocyclic substituents being selected from the group 

5 consisting of hydroxy, amino, Ci-C5 monoalkylamino, C1-c6 

dialkylamino, morpb.olino, piperidino, i-indoliny:l, pyrrolidyl, 

1-imidazolidyl, 2-imidazolin-1-yl, 2-pyrazolidyl., pyrazolinyl, 

1-piperazinyl, Ci-C6 alkyl, Ci-C5 haloalkyl, C1-C5 alkoxy, 

mono {Ci -c6' _) alkoxy ( ci -C4) alkyl I acryloxy, methacryloxy I and 

10 halogen, wherein "the ~logen or (halo) group may be fluoro or 

chioro; (iii) the groups represented by the following graphic 

formulae II A and II B: 

ts 

{Rs}m Rio 

II A .- II B 

wherein D may be carbon or oxygen and E may be oxygen or 

subst~tuted nitrogen, provided that when E is substituted 

nitrogen, D is carbon, said nitrogen substituent being 

selected from ~he group c:;onsisting of hydrogen, Ci-C6 alkyl 

20 and C2-C5 acyli each Ra may be c~-C5 alkyl, c1-c5 alkoxy, 

hydroxy or halogen, wherein the halogen may be chloro or 

fluoro; R9 and R10 may each be hydrogen or Ci -~5 alkyl; and m 

may be the integer O, 1, or 2; (iv} C1-~6 alkyl, C1-C5 

haloalkyl, Ci-C5 alkoxy(C1-c4)alkyl, c3-c6 cycloalkyl, 

25 mono (C1-C5) alkoxy(c3-c6) cycloalkyl, mono (c1-C0 ) alkyl.-. 

{C3-C6)cycloalkyl, and halo(C3-C5)cycloalkyl, said halo groups 

being fluoro or chloro; and (v) the group represented by the 

following graphic formula II C: 
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II C 

wherein O' may be 1:Ydrogen or C1 -C4 alkyl, and V may be 

s selected from the unsubstituted, mono- and di-substituted 

members of the group consisting. _of naphthyl, phenyl, fw;an.yl, 

and thienyl, wherein the substituents for each member of said 

group are c1-c4 alkyl, c1-c4 alkoxy, fluoro, or.chloro; or 

(vi) B and B' taken together may _form an unsubstituted, m.ono-

10 or di~substituted fluoren-9-ylidene or form a member selected 

from the group consisting of saturated C3-C12 spiro-monocyclic 
. . 

h~ocarbon rings, e.g. , cyclopropylidene, cyclobutylidene, 

cyclopentyl_idene, cyclohexylidene, cycloheptylidene, 

cyclooctylidene, -cyclononylidene, cyclodecylidene, 

lS cycloundecylidene, cyc~ododecylidene, scu:urated · c7·-c12 spiro-

bicyclic hydrcicarbon rings, e.g., bicyclo[2.2.1]heptylidene, 

i ._e., norbornylidene, l, 7, 7-trimethyl bicyclo (2. 2 .1] -

heptyl~dene, i.e., bornylid.ene, bicyclo[3.2.l]octylidene, 
.4" • .• 

bicyclo(3.3.l]nonan-9-y~idene, bicyelo(4.3.2]unde~ane, and 

20 saturated c::7-ci.2 s~iro-·tricyclic hydrocarbon rings,. e.g., 

tricyclo (2. 2. l.. o2·, 6] heptylidene, tricyclo (5. 3 .1. l. 2 ' 61 dodecyl­

idene, and tricyclo[3.3.l.~13 ' 7]decylidene, i.e., adamantyl­

idene, wherein the fluoren-9-ylid.ene substituents may be 

selected from the group consisting"of Ci-C4 alkyl, C1-C4_ 

25 alkoxy, fluoro and chloro. 

Preferably, B and B' are each selected from the 

group consisting of: (i) unsubstituted, mono-, di- and tri­

substituted phenyl; (ii) the unsubstituted, mono- and di­

substituted heterocyclic aromatic groups pyridyl, furanyl, 
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benzofuran-2-yl, benzofuran-3-yl, thienyl, benzo~hien-2-yi, 

benzothien-3-yl, dibenzothienyl, dibenz9furanyl and 

carbazolyl, each of the phenyl and heterocyclic substituents 
... 

being selected from.the.group consisting of morpholino, 

.S piperidino·, C1 -C4 alkyl,. Ci -C4 alkoxy and halogen, the halogen 

or (halo) group bei.llg fluoro or ch1oro; (iii} the groups 

repre~ented by t~ graphic formula: l:X A, wherein D is carbon 

and. E is oxygen; each Re is c1 -C4 alkyl, Ci -C4 alkoxy, hydroxy 

or halogen, the" halogen being chloro or fluoro;.R9 and Rio are 

10 each hydrogen or c1-c4 alkyl; and mis the integer O, 1 or 2; 

(iv) C1-C4 alkyl, c1-C0 alkoxy(C1-C4}alkyl and C3~C0 

cycloalkyl; and (v) tJ:ie .. group represented· by graphic formula 

... II c, wherein u is hydrogen or methyl, and V ~s phenyl or 

mono-substituted phenyl, the phenyl substituent being C1-c4 

lS alkyl, c1-c4 ei:lkoxy or fluor6; or (vi) B and B' taken together 

form an Unsubstituted or mono-substituted.fluoren-9-ylid.ene or ,.. 

a member .se~ected from the group consisting of saturated C3-C9 

spiro~monocyclic hydrocarbon rings, saturated C7-C1o spire>~ 

bicycl~c hydrocarbon ring, and saturated C7-C10 spiro-

20 tricyclic hydrocarbon rings. 

More preferably, B and B' are each selected from the 

group .consisting of: (i} unsubstituted, mono- and di­

substituted phenyl; (ii) the uns~stituted, mono- and di­

substituted heterocyclic aromatic groups pyridyl, benzofuran-

2S 2-yl, benzothien-2-yl, dibenzothienyl and dibenzofuranyl, each 

.of the phenyl and heterocyclic substituents being selected 

from the·group consisting of morpho1ino, piperidino, c1-c2 

alkyl and c1-C2 alkoxy; an~ (iii) the groups represented by 

graphic formU.la II A, wherein D is carbon and E is oxygen; 

30 each Rs is C1-C2 alkyl, c1-c2 alkoxy or fluoro; R9 and Rio are 
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each hydrogen or c1 -c2 alkyl; and mis the integer o, l or 2; 

or (iv} B and B 1 take~ togeth:er form fluoren-9-ylidene, 

bornylidene, norbornylidene, bicyclo(3.3.l.]~onan-9-ylidene or 
. . .. . 

adamantylidene. Most preferably, B and B 1 are each phenyl, 

S methoxy substituted phenyl, morpholino substituted ph~yl, 

dibenzofuran-2-yl,••or 2,3-dihyd:robenzofuran-s-yl. 

G:ompounds represented by graphic formula I may be 

prepared by the following steps. Benzophenones represented by 
. . . 

·graphic formula v and VA are either purchased or prepared by 

10 Friedel-C~fts.methods using an appropriately substituted or 

.unsubstituted benzoyl chloride of graphic formula IV and a 

commercially available substituted: or unsubstituted benzene 

compound of graphic formula III. See the publication Friedel­

Crafts and Related Reactjons, George A. ·Olah, Interscience 

lS l?ublishers, l.964, Vol. 3 I Chapter xxxr (Aromatic Ketone 

Syn.thesis), and "Regioselective Friedel-crafts Acylation of 

l.,2,3,4-Tetrahydroquinoline and Relatedl{itrogen Heterocycles: 

Effect on NH Protective Groups and ~ing Size" by Ishihara, 

Yugi et al, J. Chem. Soc., Perkin Trans. l., pages 3401. to 

20 3406', 1992. 

The compounds represented py graphic formul.ae III 

and IV are dissolved in a solvent, such as carbon disulfide or 

methylene chloride, and re~cted in the presence of a--Lewis 

acid, such as aluminum chloride-or tin tetrachloride, to form 

2S the corresponding subs~ituted benzophenone represented by 

graphic formula V (or VA in Reaction B) • R and R' represent 

potential phenyl substituents. 
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REACTION A 

R 

v 

In·Reaction.B, the substituted or unsubstituted 

S ketone represented by graphic formula VA, in which B. and B' 

may represent groups other than substituted or unsubstituted 

phenyl, is reacted with sodium acetylide in. a ·suitable 

solvent, such as anhydrous tetrahydrofi.iran (THF), to form the 

corresponding propargyl alcohol: rep~esented by graphic formula 

10 VI. Propargyl alcohols.having B or B' groups ot:her .than 

substituted and unsubstituted phenyl may,.be prepared "from 

comrne~cially available ketones or for example, from ketones 

prepared via reaction of an acyl halide with a substituted or 

unsubstituted benzene, naphthalene, or heteroaromatic 

15 compound. Propargyl alcohols having B or B' groups 

20 

·. 
represented by graphic formula II c may be prepared by the 

methods described in U.S. Patent 5,274,132, collµtln 2,-lines 40 

to Ga. 

REACTION B 

0 
II HO Ci!!ii!!iii0CH 
c + HC-cNa THF 'c/ 
/\ B/ 'a 1 B B' 
VA VI 
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Naphthols represe~ted by graphic formulae VIII and 

XIII, used in tll.e preparation of naphthopyrans of graphic 

formula I, may be prepared as described in Reaction C or D. 

In Reaction c, 1,4-dihydroxy-2-naphthoic acid, represented by 

s graphic formula VII, is reacted with an alkyl halide, e.g., 

methyl iodide, in S:he presence of ethyldiisopropyl amine in a 

suitable solvent such as anhydrotis dimethylformamid.e (DMF), to 

form the corresponding methyl-l,4-dihydroxy~2-naphthoate, 

which is represented by graphic formula VIII. This. reaction. is 
. . 

10 further described in The Jow:nal of Orga.Ilic ·Chemistry, il Cl. 7 > , 

1981., page 3477. 

REACTION C 

OH OH 

COOH 

OMF 

OH OH 

V.II VIII 

15 In Reaction D, a substituted or unsubstituted 

acetophenone,. benzophenone, or benzaldehyde represented by 

graphic formula IX _is reacted with dimethyl succina~e-. (graphic 

formula X) in \:h,e presence of a base such as sodium. hydride or 

potassium t-butoxide:in a suitable solvent such as toluene or 

20 THF to form the appropriate substituted monoester of an a­

arylldene succinic acid; represented by graphic formula XI. 

Compound XI is heat~d with acetic anhydride and anhydrous 

sodium acetate to form the corresponding acetate derivative 

represented by the graphic formula XII. Compound XII is 

25 reacted with hydrochloric acid and an anhydrous alcohol such 

as anhydrous methanol to form the corresponding naphthol, 
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represented by graphic formula XIII. Reaction D is further 

described in the text Organic Reactions, Vol. VI, Chapter i, 

pages l-73, John Wiley & Sons, Inc., New York. 

0 

2 + 

OH 
XIII 

REACTION D 

Na:a:, Toluene 

HCl 

Xl: 

1
{~3C0}20 

CH3COONa 

In· Reactio_n E, a prop·argyl alcohol represented by 

graphic ~ormula VI is coupled with a naphthol r.epresented by 

gr~ph~c formula. VIIIA (VIII f~rther substituted with .<R3 >n>to 

10 form 6-hydro.xy naphthopyrans represented by graphic formula 

XIV. The 6-hydroxy substituent of compounds represented by 

graphic formula XIV may.be conv.erted, for example to a 6-

alkoxy gr~up, by reaction with an alkyl ha-lide, e~g., methyl 

iodide, ethyl iodide, benzyl bromide, etc., to form compounds 

15 represented by graphic formula X!I. Compounds represented by 

graphic .formula X!I may be reduced, for example with lithium 

aluminum hydride (LAH} in an inert solvent such as THF to 

yield the 5-hydroxymethyl substituted compounds represented by 
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graphic formula XVI. The s-hydroxymethyl substituent of 

compounds represented by graphic f oX"tnula XVI may be 

derivatized in a variety of ways. It can be converted to an 
.... 

alkoxymethyl by reacting compounds represented by graphic 

5 formula XV~. with an alkyl halide suc:;h as methyl iodide, n­

propyl brOmi.de, bellzyl bromide, etc. , in the presence of a 

·bas_e such as potassium carbonate to produce compounds 

represented by graphic formul.a XVII. AlteJ:nati ve1y the 

hydroxymethyl can be acylated with an acyl, hal.ide, e.g. acet;.yl. . . . 
10 chloride, benzoyi chl.ori~e, etc., to yield .compounds 

represented by graphic formula XVIII. In a third ~le, ·the 

hydroxymethyl may be reacted with trimethylsilyl chloride, in 

the presence of an aci~-acceptor, e.g., triethyl amine, to 

···_produce trimethylsilyl ethers represented by compounds of 

15 graphic formula XIX. 



(R3)n 

OH 

OH 
VII IA 
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REACTION E 

COOCH3 

+ 
HO C1111111CH __ a_+_,_. 

'_/ c_ Toluene 
B/ 's• 

VI 

.~OH C00~3 

THF 

(R.3) n 

9H%0Acyl 

In Reaction F, a propargyl alcohol represented by 
graphic formula VI is coupled with a naphthol rep~sented by 
graphic formula XIII to form 6-aryl. 6-alkyl, or 6-hydrogen 

S bearing naphthopyran compounds represented by graphic formula 
XX. Compounds represented by graphic formula XX may be 
reduced, for example with lithium aluminum hydride (LAH} in an 
inert solvent such as THF to give 5-hydroxymethyl com:gqunds 
represented by graphic formula XXI. The 5-hydroxymethyl 

10 substituent of compounds represented by graphic formula XXI 
may be derivatized in a variety of ways. It can be converted 
to a chloromethyl group by reacting compounds represented by 
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graphic formula XXI with thionyl chloride to produce compounds 

represented, by g:i;-aphic formula XXII. The 5-chloromethyl of 

compounds represented by graphic formula XXII can be further 

derivatized using reactions known in the ar€, such as by 

S reacting it with a primary, secondary, or heterocyclic amine, 

e.g. propyl amine, diethyl amine, moJ:Pholine, etc., to gives-
. ... -

aminomethyl compounds represented by formula xxr:rr. 
Alternativel:Y the hydroxymethyl ~up of _compounds represented 

by graphic formula xx:r can be react~d with an-a1kyl halide, 

10 e.g. ~thyl iodide, propyl iodide, benzyl bromide, etc., to 

yield compounds represented by graphic formula XXIV. 
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REACTION F 

COOCH3 

coo~ 

{R3)n H:><:~CH 
:a+ 

+ 
Toluene 

OH 
.. 

XIII 

~Cl 

Amine 

XX.II 

VI 

~OH 

(R3) n 

xx 

~ 

"'~~::lide 
~F 

CH1Amino 9K2,0Alkyl 

XX.IV 

Compounds with an amide group substituted in the 5-

position are prepared by the series of reactions found in 

5 Reaction G. Naphthols represented by graphic formula XIII are 

hydrolyzed to carboxynaphthols represented by formula xxv 

using potassium hydroxide dissolved in a mixture of water and 

alcohol. The free hydroxy substituent of compounds o~-graphic 

formula .XXV is protected by reaction with acetyl chloride to 

IO yield acetoxy substituted compounds of graphic formula XXVI. 

The carboxy substituent of compounds of graphic formula XXVI 
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is converted to an acid chloride by reaction with thionyl 

chloride to .yield compounds of graphic formula XXVI~. The 

acid chloride of compounds of graphic formula XXVII is 

converted to an amide group by reaction. wit~ a primary, 

S secondary or heterocycl:ic amine, e.g. propyl amine, diethyl 

amine, morpholine, piperidine, etc., to give c9mpounds of . .. . 

graphic fprmula XXVIII ~ The acetoxy sul::>stituent of compouilds 

af graplµc formula ~I:I is deprotected by reaction with . . 

methanol in the presence of HCl to yield the naphthols of 

10 graphic fortnula XXIX. Pyrans containing a S~amide group 

l:'epresented by graphic formula ~ are prepared by reac_ting a 

naphthol of graphic formula XXIX with a propargyl alcohol of 

graphic formula VI. 
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REACTION G 

COOCE3 

(R3}n KOH 
(R3)n 

·• Water/alcohol 

XIII OH 

Acetyl chloride 
TEA/CE2Cl2 

v.i 
COOH 

(R3) n Thionyr·Chloride 
(R3)n 

OAc 
XXV'I 

~ 

COAmino Methari.ol 

(R3)n 
ff+ c~>n 

OAc 

XXVIII HO ClE&CE 
'c! 

B/ 'B' 

CO Amino 
VI 

xxx 

B 

B' 

~ 

COOH 

OH· 

~ 
COCl 

XXVII 
OAc 

OH 
XXIX 

Compounds represented by graphic formula r-may be 

used in those applications in which organic photochromic 

S substances may be employed, such as optical lenses, e.g., 

vision correcting ophthalmic lenses and plano·lenses, fac~ 
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shields, goggles, visors, camera lenses, windows, automotive 

windshields, aircraft and automotive transparencies, e.g., . . 
T-roofs, sidelights ·and backli_ghts, plastic films and 

sheets, textiles and coatings, e •. g. , cciat'ing-

S compositions such as paints, and verification marks on 

. ·security. 'documents, e.g., documents such as banknotes, 

~· . ·passports and drivers' licenses for which authentication 

. or verification of authenticity may be de$ired. 

Naphthopyrans represent~d by graphi~ formul.a I exhibit 

10 color changes fr0m colorless to colors rangi:ng from 

yellow to red/purple. 

Examples of contemplated naphthopyrans within the 

scope of the invention_~re the following_ of: 

Ca) 2,2-bis(4-methoxyphenyl)-S-hydroxymethyl-5-methyl-9-

1S methoxy-2H-naphtho(1,2-b]pyran; 

(b} 2,2-bis(4-methoxyphenyl)-S-hydroxymethyl-5-phenyl-2H­

naphtho(1,2-bJpyran; 

(c) 2,2-bis(4-methoxyphenyl)-s-acetoxymethyl-6-phenyl-2H­

naphtho(1,2-b]pyran; 

20 (d) 2-(4-methoxyphenyl)-2-{2,3-dih~obenzofuran-5-yl)-S-

piperiainocarbonyl-6-methyl-9-methox;y-2H-naphtho[1,2-b]pyran; 

(er 2,2-bis(4-methoxyphenyl)-S-hydro_xymethyl-5-methoxy-

2H-naphtho(l,2-b]pyran; 

(f} 2,2-diphenyl-5-methoxymethyl-6-methoxy-2H-

25 naphtho[1, 2-b]pyran;_· 

·. 
30 

(g) 2,2-spiroadamantylene-5-acetoxymethyl-6-methoxy-2H­

naphtho [1,2-b]pyran; 
. . 

(h} 2,2-bis(4-methoxyphenyl)-S-trimethylsilyloxymethyl-6-

methoxy-2H-naphtho[l,2-b]pyran; 

(i) 2-(4-methoxyphenyl)-2-t-butyl-5-methoxymethyr-6-

phenyl-9-methoxy-2H-naphtho [l., 2-b].pyran; and 
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(j) 2-(4-methoxyphenyl)-2-(2,3-dihydrobenzofuran-5-yl)-S­

chloromethyl-6-methyl-9-methoxy-2H-naphtho [l_, 2-b]pyran. 

It is contemplated that the organic photochromic 

naphthopyrans of graphic formu~a I be used ln combination with 

S other appropriate complementary organic photochromic materials 

so that together they produce a near neutral gray or brown .. 
color. shade when the plastic lens containing such photochromic 

materials are exposed to ultraviolet light. For example, a 

co~ound which colors to yellow·may be blended with a compound 

10 that colors to an appropriate p~le to produce a brown shade. 

Similarly, a compound which is orange in its colored state 

will produce a shade of gray when used in conjunction with an 

appropriate blue coloring compound. The aforesaid described 

... combination of photochromic materials may be used also in 

15 applications other than ophthalmic lenses . 

!!'he novel naphthopyran compounds of the present 

invention, such as those heretofo~e described, may be used , 
alone or in combination.with complementary P?-otochromic 

compounds, i.e., organic photoc~omic compounds having at. 

20 least one activated absorption _maxima within the range of 
.:. 

between about 400 and 700 nanometers, or substances containing 

same, and may be incorporated, e.g., dissolved or dispersed, 

in a polymeric organic host material used to prepare . 

photochromic articles and which qompounds or mixtures of 

25 compounds color when activated to an appropriate hue. 

A first group of complementary organic photochromic 

substances contemplated for use with the organic photochromic 

naphthopyrans of the present invention are those having an 

activated absorption maximum within the visible range of 

30 greater than 570 nanometers, e.g., between about greater than 

570 to 700 nanometers. These materials typically exhibit a 

blue, blueish-green, or blueish-purple color when exposed to 
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ultraviolet light in an appropriate solvent or matrix. Many 
-~f such compounds are described in the open literature. For 
example, spiro(indoline)naphthoxazines have been described, 
among others, in u~s. Patent Nos. 3,562,172~ 3,578,602; 

5 4,215,010; and 4,342,668; spl~Cindoline)naphtho~azines having 
certain substituents on. the 8.' and 9' positions of the 

. >I • .. • 
naphthoxazi~e portion of the molecule are described.in U.S. 
Patent 5,405,958; spiro(indoline)pyridobenzoxazines are 
described in U.S. Patent 4,637,698; spiro(benzindoline}-

10 pyridobenzoxazines and spiro (benzindoiine) naphthoxaz·il;es. are 
described in U.S. Patent 4,93l..;2l.9; spiro (benzindoline}­
naphthopyrans ar~ described in Japanese Patent Publication 
62/195383; spiro(indoline)benzoxazines are described in U.S. 
Pat~t 4,816,584; spiro(indoline)ben~opyrans, spiro{indoline)-

15 naphthopyrans, and spiro(indoline)quinopyrans are described, 
for exa.mPle, in U.S. 4,880,667; and benzopyrans and . . . 
naphthopyrans having a nitrogen-containing substituene in ~he 
2-position of the pyran ring are describ~d in U.S. Patent 
4,818,096. Spiro(indoline)pyrans are also described in the 

20 text, Tecmiqyes in Chemistx:y, Volume III, "Photoehromism, 11 

Chapter 3, Glenn H. Brown, Edito:i::, John Wiley and sons, Inc., 
New Yorlt, l.971. 

A second group of complementary organic photochromic - . substances contemplated for use with.the organic photochrotnic 
25 naphthopyrans of the· present invention are thos~ having ·at 

least one absorption maximum within the visible range of 
between about 400 and less than 500 nanomet~rs. These 
materials typically exhibit a yellow-o~ange color when exposed 
to ultraviolet light in an appropriate solvent or matrix. 

30 such compounds include certain chromenes, i.e., benzop}'rans 
and naphthopyrans. Many of such chromenes are described in 
the open literature, e.g., U.S. Patents 3,567,605; 4,826,977; 
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and S,066,818. Other examples of complementary benzopyrans 

. and naphthopyrans that may be used with the naphthopyrans of 

the present invention include: those having a spiro adam~tane 

group at the position alpha to the oxygen aeom of the pyran 

S ring, which are described in p.S. Patent 4,826,977; 2H­

naphtho-(1,2-b]pyran compounds having ~ertain substitutents at. 
. ... . ... . . 

the number 5 and 6 carbon atoms of the naphtha portion of the 

naphth?Pyran and at the 2 position of the pyran.whieh: are· the 

subject of co-pending U.S. Patent-Application Serial No. 

10 o 8 /164, 18 7, filed December 9, 1993; 3H-naphtho .C2, 1-bl pyrans 

having at least one ortho-substituted phenyl substituent at 

the 3 -position of the pyran ring which are descril;>ed in U •. s. 
Patent ~,066,818; 3H-n~phtho(2,1-bJpyran compounds having 

certain substituents at the number 8 carbon atom and certain 

15 substituents at the number 7 or 9 carbon ato~, all 

substituents being on ti;e naphtha portion of the naphthopyran, 

which are the· subject of co-pending u. S··. Patent Application 

Serial No. 08/080,246, filed June 21, 1993; 3H-naphtho(2,1-

blpyrans substituted at the 3 position of tl:!.e pyran ring with 

20 (i) an aryl sllbstituent and (ii) a: phenyl substituent having a .... 
s- or 6-member heterocyclic ring fused.at "the number 3 and 4 

carbon atoms of the phenyl substit~ent are described in U.S. 

Patent ·S,384,077; diaryl-3H-naphtho[2,1-b]pyran compounds· 

having a substituted or unsubstituted, s or 6 member 
-: 

25 heterocyclic ring fused to the g, i~ or l side of the 

naphthopyran which are the subject of co-pending U.S. Patent 

Application serial No.06/225,022 filed April ·a, .. 1994; 

naphthopyran compounds substituted at the number a carbon atom 

on the naphtho portion of the naphthopyran ring, with for 

30 example, a methoxy group whic:h are the subject of U.S. Patent 

5,238,931; naphthopyran compounds, examples of which are 3-

aryl-3-arylalkenyl naphthopyrans, which are described in U.S. 
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Patent 5,274,132; and naphtho(2,1-b]pyrans substituted at the 

number five carbon-atom with, for example, an acetoxy group, 

which are the subject of U.S. Patent 5,244,602 . 
.. 

A third group of complementary organic photochromic 

S substances contemplated for use with the organic photochromic 

naphthopyr~s of ~he present invention are those having an . . 
absorption maximum within the visible range of between about· 

400 to about .soo nanometers:and another·absorpcion .. maximum 

within the visible·range of betWeen about soo to about 700 

10 nanometers~· .These materia1s typically exhibi~ color(s) 

ranging from yellow to purple and yellow/brown to purple/gray 

when exposed to ultraviolet light in an appropriate solvent or 

matrix. Exa.mpl;.es of these compounds include certain 

substituted 2H-ph~anthro[4,3-b]pyrans;.substituted 3H-

15 phenanthro[1·,2-b]pyrans; and benzopyran compounds, such as 

tho$e ·having.substitu~ts at the 2-position o~ the pyran ring 
. . . 

and a substituted or unsubstituted heterocyclic ring, such as 
.. . ,,.. . 

a benzothieno or benzofurano ring fused to the ·benz portion of 
. . 

the benzopyran. Such later described ~cimpounds are the 

20 subject of co-pending U.S. Patent Application Nos. 08/286,039 

filed August 4, 1994 cu:id U.S. Patent 5,411,679. 

Photochromic articles of the present invention may 

contain one photochromic;- compo~<; or ·a mixture of pl\.otochromic 

compounds, as desired or required. Individual photochromic 

2S compounds or mixtures of photochromic compounds may be used to 

attain certain activated colors such as neutral grays or 

browns. 

The compounds of the· present invention (hereinaft~r 

also ref erred to and included as a second group photochromic 

30 compound) may be used also in combination with the organic 

photochromic substances of.the first complementary group of 

photochromic compounds described herein, i.e., those that 
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colo~ to colors blue, blueish-green, or blueish-purple or 

with other organic photochromic substances in the aforesaid 

second group of photochromic compounds. Either members of the 

first or second group of photochromic compoWids or mixtures of 

S such compounds may be combined with or used in conjunction 

with ·the third group described herein that exhibit colors · 
. fl 

ranging from yellow to purple and yellow/brown to purple/gray. 

Each of the photochromic substances described herein 

may be used in amounts (or in a .ratio) such that an organic 

10 host material to which the photochromic 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., 

. . as near a neutral color as possible given the colors of the 

ts activated photochromic compounds. 

A neutral gray color exhibits a spectrum that bas 

relatively equal abso-rption in the visible range between 400 
. . 

and 700 nanometers. A neutral Drown color exhibits a spectrum 

in which the absorptioi:i in the 400-550 nanometer range is 

20 ·moderately larger than in the 550-700 nanometer range. .An 

alternative way of describing color is in terms of its 

chromati-ci~y coordinates, which describe the qualities of a 
. 

color in addition to its luminance factor, i.e .. , its 

chromaticity. In the CIE system,·· the chromatic~ty coordinates 

25 are obtained by taking the ratios of the tristimulus values to 

their sum, e.g., x=X/ (X+Y+Z} and y=Y/ {X+Y+Z) . Col.or as 

described in the CIB system can be plotted on a chromaticity 

diagram,·usually a plot of the chromaticity coordinates x and 

y. See pages 47-52 of Principles of Color Technology, by F. 

30 W. Billmeyer, Jr., and Max Saltzman, second Edition, ~ohn 

Wiley and Sons, N.Y. (1981). As used herein, a near neutral 

color is one in which the chromaticity coordinate values of 
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11 x 11 and "Y" for the color are within the following ranges {065 

illuminant)·: x = 0.260 to 0.400, y.= o.~ao to 0.4QO following 

activation to 40 percent luminous transmission by exposur~ to ·. 
solar radiation (Air Mass l or 2). 

The amount of photochromic substance or composition 

containing same ap~lied.to or incorporated.into·a host 

material is not· critical ·provided that a sufficient _amount is 

used·~o produce a photochromic·effect discernible to th~ naked 

eye upon activation. Generally such· amo':111t can be described 

10 as a photochromic amount. The particular amount used depends 

often upon the intensity of colo~ desired upon irradiation 

thereof and upon the method .used to incorporate.or apply the 

photoc;hrondc substances·. Typical_ly, the more photochromic· 

·· · substance .applied or incorporated~ the greater is the color 

15 intensity up to a certain limit. 

The relative amounts of the aforesaid photochromic 

compounds ~sed will vary and de~end in p~ upon the relative 

intensities of the color of the activated species. of such· 

compounds, and the ultimate color desired. Generally, the· 

20 amo.unt of total photochromi~ substance incorporated into or 
•.;..c-

applied to a P-hotochromic · optical host material may range from 

about o.os to about l.O, e.g., from O.l to about 0.45, 

milligrams per ~quare centimeter of surface to which the. 

photochromic substance (s) is incorporated or applied. When 
. . 

25 mixtures of the af oredescribed organic photochromic 

complementary groups are used, the weight ratio of such 

materials, i.e., (first to second), (second to third), and 

(riaphthopyran of the present invention to other second group 

compounds) will vary from about 1:3 to about 3:1, e.g., 

30 between about 0.75:1 and about 2:1. The combination of the 

first, second, and third described organic photochromic 



complementary.groups may have a weight ratio that will vary 

from about l :.3 : l to 3 : l:. 3 . 

The p~otochromic substances of the present inv~tion .. 
. may be applied to or incorporated into a host material such as 

.s a polymeric organic host material by various methods described 

in -the art. Such iuethods include dissolving or dispers~ng the 

photochromic substance within the host mat.erial, e.g. , casting 

it ·in place by addil}g the photo~c substance· to the . 

·monomeric host.material prior to polymerization; imbibi~ion of 
. . 

IO the photochromic substance into the host material by immersion 

of the host material in a.hot solution of the photochro~ic 

substance or by thermal transfer; providing the photochromic 

substance as.a separate· layer between adjacent layers of the 

·-host material, e.g., as a part of a pol}rmeric fi~m; and 

15 applying the photochrotriic substance as part of a coating 

·placed on the surface of the host material. The term 

"imbibition" or "imbibert is intended to mean and include ,.. 

permeation o~ the pho'toc:t;iromic substance al.one into the host 

material., solvent assisted transf~r of t~ photochromic 

20 sU.bstance into a porous pol.ymer, vapor phase transfer, and 

other such transfer mechanjsms. 

co~atible tchemica1.ly and color-wise) tints, i.e., 

dyes, may be applied to the ho~t material to achieve a more 

aesthetic result, for medical reasons, or for reasons of 

2S fashion. The particular dye selected ~ill vary and depend on 

·the aforesaid need and resul.t to be ac'hieved. In one 

embodiment, the dye 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 

30 wavelength of incident light. In another embodiment, the dye 

may be selec~ed to provide a desired hue to the host matrix 

when the photochromic substances is in an unactivated state. 
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Ad.juvant materials may also be incorporated into the 

host material with the photochromic substances prior to, 

simultaneously with or subsequent to application or 

incorporation of the photochromic substances in the host 

S material •. For ~mple, ultraviolet light absorbers may be 

admixed with photochromic substances before tl;leir application. 
. ,. . . . 

to the host material or such absorbers may be superposed, 

e.g. , superimposed, as a l~yer between ,;the photodhrotni:c 

substance. and the incident light.. Further, stabilizers may 

10 be admixed.with the photochromic ~ubstances prior to their· 

appl~catiqn to the host material "to impr~e t~e light fatigue 

resistance of the photochromic substances. Stabilizers, such 

as hindered amine light stabilizers and singlet oxygen 

quenchers, e.g., :a nickel ion compleX with an organic ligand, 
. 

15 are c::on.templated. They may be used alone or in combination.. 

such stabilizers are described in U.S. Patent 4,720,356. 

Fin.ally, appropriate protective coating(s) may. be applied to 

the surface of the host material. These' may be abrasion 

resistant coatings and/or coatings that serve as oxygen 

20 barriers. Such coatings are known in the art. 

'' The host material will usually be transparent, but 

may be translucent or even opaque. The host material need 

only be transparent to that portion_ of the electromagnetic 

spectrum, which activates the photochromic substance, i.e., 

2S that wavel.ength of ul.traviolet (UV) light that produces. the 

open form of the substance and that porti~n 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 not be such that it masks 

30 the color of the activated form of the photochromic s'libstance, 

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

observer. More preferably, the host material article is a 
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solid- transparent or optically clear material, e.g., materials 

suitable for optical applications, such as plano and 

ophthalmic lenses, windows, automotive transparencies, e.g., 
... 

windshields, aircraft transparencies, plastic sheeting, 

S polymeric films, etc. 

· Example~ of polymeric organic host materials which 

may be used with the photochromic substances or compositions 
. .. 

described herein·. include: polymers, i ~ e. , homopolymers and 

copolymers, of polyol (allyl carbonate) monomers, diethylene . . . 
10 glycol dimethacrylate monomers, diisopropenyl · benzene 

monomers, and alkoxylated polyhydric alcohol acrylate monomers 

such as ethoxylated trimethylol propane triacrylate monomers; 

polymers, i.e., homopoiymers and.copolymers, ·of 

polyfunctional, i.e., mono-, ~-, tri~, tetra, or multi-

15 functional, acrylate"and/or ~ethacrY"late monomers, 

pol~crylates~ polymethacrylates, poly( -C1-C12 al.1'yl 

methacrylates) such as poly(methyl metha9rylate), 

polyoxy(alkylene methacrylates) such as poly(~thylene glycol 

bis methacrylates-), poly(alkoxylated phenol methacrylates} · 

20 such a!· poly(ethoxyl~ted.bisphenol A dimethacrylate), . 
cellulo~e acetate, cellulose triacetate, cellulose acetate 

propionate, cellulose acetate butyrate, poly{vinyl acetate), 

poly(viny~ alcohol), poly{vinyl chloride), poly(vinylidene 

chloride), polyurethanes, thermoplastic polycarbonates, 

25 polyesters, poly(ethylene terephthalate), polystyrene, poly 

(alpha methylstyrene), .copoly(st}rrene-methyl methacrylate) , 

copoly(styrene-acrylonitrile), polyvinylbutyral and polymers, 

i.e., homopolymers and copolymers, of diallylidene 

pentaerythritol, particularly copolymers with poly~l (~llyl 

. ·30 carbonate) monomers, e.g. , diethylene glycol bis (allyl 

carbonate), and acrylate monomers. 
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Transparent copolymers and blends of transparent 

polymers are al~o suitable as host materials. Preferably, the 

host material is an optically clear polymerized organic 

material prepared from a thermoplastic polycarbonate·resin, 

S such as t~e carbonate-linked resin derive~ from bisph~l A 

and phosgene, which is sold under the trademark, LEXAN; a 

" · polyester, such as the material ·sold Un.der the trademark, 

·MYLAR;. a poly{methyl methacrylate), s~ch as the material sold. 

·under t;he trademark, P~GLAS; polymerizates of a 

10 poiyol ~allyl carbonate)" monomer, especially diethylene glycol 

bis (allyl carbonate), which monomer is sold under the 

trademark CR-39, _and polymerizates of copolymers of a polyol 

(allyl carbonate), e.g., diethylene glycol pis (allyl 
. . . 

.. · Carbonate) t With. Other COpolymerizable monomeric materials I 

15 such ~s copolymers. with vinyl acetate, e.g., copolymers of· 

from 80-90 percent diethylen~ glyco~ bis{allyl carbonate) and 

10-.20 percent vinyl acetatei particularly 80-85 percent of the 

bi~{allyl carbo~te) and 1.5-20 percent v£nyl acetat~, and· 

copolymers with a polyurethane having terminal diacrylate 

20 functionality, as described in U.S. patent 4,360,653 and 

4,994~~08i and copolymers with aliphatic urethanes, the 

terminal' portion of which contain ailyl or acrylyl functional . . 
groups as described in U.S. Patent 5,200,483~ poly"(vinyl 

acetate), polyviriylbutyral, polyurethane, polymers of members 

25 of the group consisting of diethylene glycol dimethacrylate 

monomers, diisopropenyl.benzene.monomers, _and ethoxylated 

trimethylol propane triacrylate monomers; cellulose acetate, 

cellulose propiona~e, cellulose butyrate, cellulose acetate · 

butyrate, polystyrene and copolymers of styrene with methyl 

30 methacrylate, vi~yl acetate arid acrylonitrile. More 

particularly, contemplated is use of the photochromic 

naphthopyrans of the present invention with optical organic 
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resin monomers used to produce optically clear polymerizates, 

i.e., materials suitable for optical applications, such as for 

example plano and ophthalmic lenses, windows, and automotive· 

transparencies. Such optically clear polymerizates may have a 

S refractive index that may range from about 1.48 to about 1.75, 

e.g.; from about 1.495 to about 1.66. 
. ~ 

The present invention is more particularly described 

in the following eXa.mples which are intended as illustrative 

only, ~ince numerous modifications and variations therein will 
. . 

10 be apparent to those skilled in the art. 

EXM{PLE 1 

STEP 1 
.· 

4,4 1 -Dimethoxybenzophenone (0.27 mole) was dissolved 

in a reacti-on flask containing 200 ml of anhydrous 

15 tetrahydrofuran saturated with acetylene and. stirred at room 

temperature. An 18 weight percent suspension of ·sodium 

acetylide in xylene/mineral oil ( o. 3 mole of sodium acetylide) 

was added to the reaction flask and the mixtµre was stirred. 

After -Stirring 16 hours at room t;emperat~e under a nitrogen 

20 atmosphere, the contents of the reaction flask mixture was· 

added to a 5 weight percent aqueous hydrochloric acid and ice 

mixture. The resulting mixture was extracted with diethyl 

. ether.. The organic layer was separated, washed, and dried 

over anhydrous sodium sulfate. The solvents, diethyl _ether 

25 and tetrahydrofuran, were ret:it0ved und~r vacuum to yield an 

oily product containing l,1-bis{4-methoxyphenyl}-2-propyn-l­

ol, which was not purified further but used directly in the 

next step. 
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STEP 2 

1,1-Bis{4-methoxyphenyl)-2-propyn-1-ol (about 

0.025 mole) from Step land methyl,4-hydroxy~6-methoxy­

. l-methyl-2.-naphthoate (S g, o. 022 mole) were added to a 

S reaction flask containing 200 ml of toluene and stirred • .. 
A catalytic amount of p-toluene-sulfonic acid (about 100 

mil~igrams)· was added, and the mixture was s'tirred for. 4 

hours. Afterwards, the ·reaction .mixture· was poured int.o . . . . 

a 10 weight percen~ sodium hydroxide so:lution. The 

10 organic layer was separated, washed with water., and 

dried over anhydrous sodium· sulfate. The remaining 

solvent, toluene; was. removed under vacuum. The 

... resulting oil was purified using: a silica g:el column and 

a 1: 3 mixture of chl.oroform:hexane as the .eluant. The 

15 photochromic fractions were combined and the eluent was 

removed under vacuum. The resulting ·product was induced 

to crystallize from hexane. 'the recover;d product. had a 

melting point of 132-133°C. A nuclear· magnetic 

resonance (NMR) spectrum showed the product to have a 

20 struccilre consistent with 2,2-bis(4-methoxyph.enyl}-s­

methoxydarbonyl-6-methyl-9-m.ethox:y-2H-naphtho[l,2-

blpyran. 

STEP 3 

2,2-Bis(4-methoxyphenyl)-S-methoxycarbonyl-6-

2S methyl-9-methoxy-(2Hl-naphtho(l,2-b]pyran {l.7 g, 0.0034 

mole) from Step· 2 was dissolved in a reaction flask 

containing 200 ml of tetrahydrofuran and stirred. 

Lithium aluminum hydride (0.13 g, 0.0034 mole) was 

carefully added and the mixture was stirred for 2 hours 

30 at room temperature. 2~Propanol was added followed by 

the addition of a s weight percent aqueous hydrochloric 

acid solution. The resulting mixture was extracted with 
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two 100 ml portions of methylene chloride. The organic 
extracts were combined.and.dried over magnesium sulfate. 

The solvent, methylene chloride, ·was removed under ... 
vacuum. The product was induced to crystallize from 

S diethyl ·ethe+ and the.crystals were collected by suction 

filtration. ·The ttecovered product, 1.0 g, had a melting 

point of 125-127°C. A nuclear magnetic resonance (NMR.) 
. . 

spectrum showed the·product to have a structure 

cons~stent. with ~,2-bis(4-meth0Xypheny1>-s-· 
10 hydroxym.ethyl-6-methyl-9-methoxy-2H-naphtho(1,2-b]pyran. 

EXAMPLE 2 

STEP 1 

Po'tassium t·-butoxide (75 grams (g} , o. 75 mole} 

15 was added to a reaction flask containing 200 milliliters 

(ml) of toluene. The ·resulting· slurry was heated to 

reflux t~mperature under a nitrogen atm<;2Sphere while a 

·mixture of benzophenone (91 g, o.s·mole}, dimethyl 

succinate .(90 g, ·0.52 mole) and.toluene ciao g) was 

20· added over a period of 30 minutes. After the addition, ~ .... 
the re~1:1lting pasty mixture was maintained at: reflux 
temperature for two hours and then cooled to room 

temperature. About 400 ml of water was added and the 

mixture was stirred for 3 o minutes. The aqueous layer 

25 was separated,_ acidified with dilute hydrochloric acid, 

and extracted with 200 ml of toluene. The solvent was 

removed under vacuum yielding a viscous oil that later 

solidified, which contained the product, 4,4-diphenyl-3-

methoxycarbonyl-3-butenoic acid. This material was not . -
30 purified further but was used direc~ly in the next step. 
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STEP 2 

The product of Step l was d;ssolved in a 

reaction flask containing 200 ml of. toluene. Acetic 

anhydride (100 g) and anhydrous sodium acetate (15 g) 

S were added to the reaction flask and the ni.ixture was 

refluxed "for 17 hours. The resulting mixture ~s cooled 
~ 

to room temperat:ure and the solvent was .removed under 
vacuum. Methylene chloride (200 ml) was added to the 

·reaction flask containing the resulting i::esidue. Water 

10 (200 ml) was added to· the reaction flask followed by the 

slow addition of solid sodium carbOna.te un~il the 

evolution of carbon dioxide ceased. The methylene 

chlo:z=-ide layer was separated, washed with water, and the 

solvent was removed.under vacuum to yield a viscous oil 

lS containing 1-acetoxy-3-me~o?'Ycarbonyl-4-

phenylnaphthalene. 

STEP 3 

Met~ol (400 ml) was added to the re·action 

20 flask containing i-ace.toxy-3-methoxycarbonyl-4-phenyl-
: ... 

naphtha1ene from Step 2. HydroChloric acid, . 
concentrated (2 m1) was added to the reaction flask and 

the. resulting mi~ture ~as heated to reflux temperat~e. 

Afte_r .4 hours, the mixture was cooled to room 

2S temperature, the soi vent was removed under vacuum, and 

the resulting crystals were collected by suction 

filtration. The collected crystals were washed with 

methanol and air dried. The recovered product, l.00 g, 

had a melting point of l.74-l76°C. -A nuclear magnetic 

30 resonance (NMR) spectrum showed the product to have a 

structure consistent with 4-phenyl-3-methoxycarbonyl-l­
naphthol. 
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STEP 4 

4-Phe~yl-3-methoxycarbonyl-1-naphthol (2 g) 

from Step 3 and 1,1-bis{4-methoxyphenyl)-2-propyn-l-~l 

S (2 g) from Step l of Example l were added to a reaction 

flask containing 10 a ml of toluene and stirred. The 
. it 

resulting mixture.was heated to 40°C. and~ catalytic 

amount (a few drops) of dodecyl benzenesulfonic acid was 

added, i.e. , an amount suf~icient to produce a deep red 

10 color ·in· the mixture. After 3 hours of stirring at 

40°C., the mixture was cooled and washed with water. 

The organic layer was separated, and the solvent, 

toluene was removed under vacuum. The resulting oil was 

· - purified using · a silica gel column and a 2: l. 

IS hexane:ethyl acetate mixture as the eluant. The 

photochromic fractions were collected and the solvent 

was removed· under vacuum. The resulting product (2 .o .g> 

was crystallized from a hexane-ether mixture and 

collected.by suction filtration as off-white. crystals • 
• 

20 The recover~d product had· a melting point of 168-l69C. 

25 

A nucl~~ magnetic resonance· {NMR) s~ectrum showed the 

product to have a structure consistent with 2, 2-bis (4-

methoxyphenyl) -5-methoxycarbonyl-6-phenyl-2H­

naphtho[l,2-~]pyran. 

STEP 5 

2,2-Bis(4-methoxyphenyl)-5-methoxycarbonyl-6-

phenyl-2H-naphtho[l,2-b]pyran {10.0 g, 0.02 mole) from 

Step 4 was dissolved in a reaction flask containing 300 

30 ml of tetrahydrofuran. Lithium aluminum hydride (1.2 g, 

0.032 mole) was carefully added to the stirred solution 

and the mixture heated to 40°C. for 2-l/2·hours. After 
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cooling to room temperature, 2-propanol was added 

followed by the addition of a 5 weight percent aqueous 

hydrochloric acid solution. The resulting mixture was 

extracted with three 100 ml portions of diethyl ether. 

S The organic extracts were combined and dried over 

magnesium sulfate. - The solvent, diethyl ether, was 

removed under vacuum. The resulting residue was induced 

to crystailize ~rom diethyl ether and the crystals were 

collected by suction.filtration. Three grams of the 

10 · des~red p~oduct was recovered. A nuclear magnetic 

resonance (NMR) spectrum showed the product to have a 

structure consistent with 2,2-bis(4-methoxyphenyl)-S­

hydroxym.ethyl-6-phenyl-2H-naphtho (l, 2-b] pyran_. 

15 EXAMPLE 3 

2, 2-Bis .C4-methoxyphenyl) -S-hydr9xymethyl ... 6-

phenyl-2H-naphtho (l, 2-bl pyran (2.0 g, 0.004 mole) from . ,.. 

Step 4 of Examp~e 2, was dissolved in a reaction flask 

containing 200 ml of methylene ~hloride and 1.2 

20 equiva.lents of triethyl amine. Acetyl chloride (0 .37 g, ...... . 

0.0048 mole) was added to the stirred mixture which was 

heated to reflux temperature for 4 hours. After cooling 

to room temperature, diethyl ether· was added and 

triethylamine hydrochloride, a byproduct, was removed by 

25 filtration. The resulting product was purified on a 

silica gel column using chloroform as the eluant. The 

photochromic .fractions were collected and the solvent 

was remo:ved under vacuum. The recovered product, O. 2 g, 

was induced to crystallize from diethyl ether. A 

30 nuclear magnetic resonance (NMR)·spectrum showed.the 

product to have a structure consistent with 2,2-bis(4-
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methoxyphenyl)-S-acetoxymethyl-6-phenyl-2H-naphtho[l,2-

b]pyran. 

EXAMPLE 4 

STEP 1 

3-methoxycarbonyl-4-methyl-7-methoxy-1~ .. 
naphthol (12 g) was added to a reaction flask containing 

potassium hydroxide (25 g) , water (250 ml) and ethanol 

(SO ml) • The mixture was heated on a steam bath for six 

10 hours, cooled to roam temperature, and poured into ~ 

excess of cold dilute (approximately 5 ~eight percent} 

aqueous hydrochloric acid. The resulting solid product 

was removed by suction filtration and dried to yield 11 

g of the desired product_, 3-carboxy-·4-methyl-7-methoxy-

15 1-naphthol. 

ST;iP 2 .. 
3-carboxy-4-methyl-7-methoxy-l-naphthol (ll 

g} from Step l was added.to a reaction flask containing 

20 100 tnl of meth~lene chloride. Triethyl amine (10 g, o .1 

mole) 'was added with stirring •. The resulting exothermic 

reaction mixture was cooled in an ice bath. ~cetyl 

chloride (4 g, o.os mole) was added dropwise while 

maintaining the temperature at s·c. The mixture was 
• 25 stirred an additiona1 15 minutes· at 5 C. and then warmed 

to room temperature where it was stirred an additional 

15 minutes before pouring into an excess of cool 

dilute(approximately s weight percent) aqueous 

hydrochloric acid. The precipitated product was suction 

30 filtered from the two phase mixture, washed with fresh 

methylene chloride, .and dried to yield 11 g of the 

desired product. A NMR spectrum showed the product to 
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have a structure co~sistent with i-acetoxy-3-carboxy-4-
methyl-7-methoxynaphthalene. 

STEP 3 

l.-acetoxy-3-carboxy-4-methyl-7-

methoxynaphthalene ,. (l.l. g) from Step 2 was added to a 
reaction flask containing 20 ml' .of thionyl chloride and 

the mixture was .heated on a steam bath. Aft~r about 3 0 

minutes, when HCI evolution was complete, the excess 
10 thionyl chloride was retrieved on a rotary evaporator to 

lS 

yield the acid' chloride as a solid. The product, l.­

acetoxy-3-chlorocarbonyl-4-methyl-7-methoxynaphthalene, 
was not further p~ified.~ut was used directly in the 

"·next step. 

STSP 4 

One-half of the .l.-acetqxy-3-chlorocarbonyl-4-
methyl-7-methoxynaphthalene from Step 3 was added in 

20· small ~ortions to a reaction flask containing a.mixture 
;..-

of methylene chloride (SO ml), pi.peridine (4.25.g, o.os 
mole} and triethyl amine (5 g, 0.05 mole). After 

completing the addition, an excess of cool dilute 
(approximately 5 weight percent} aqueous.hydrochloric 

25 acid was added and the resulting solution was mixed. 
The organic layer was separated, washed successively 
with water, dilute aqueous sodium carbonate, and water. 
The sol vent, methylene chloride, was removed under 
vacuum to yield the desired product as an oil. A NMR 

30 sp~ctrum showed the product to have a structure 

consistent with l-acetoxy-3-piperidinocarbonyl-4-methyl-
7-methoxynaphthalene. 
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STEP 5 

A mixture (200 ml) of methanol and 

concentrated hydrochloric acid (2 ml} was added to a. 

S reaction flask containing l-acetoxy-3-

piperidinocarbonyl-f-methyl-7-methoxynaphthalene from 

Step 4. The resulting reaction miXture was refluxed. on 

a Steam bath for 2 hours• 'Afterwards I the mixture was 

c~oled to room temperature and poured into dilube 

10 aqueous hydrochloric acid. The resulting precipitate 

was $Uction filtered,· washed with water, and dried to 

yield 4. 8 g of the desired product as tan crystals. A 

NMR spectrum showed the. :product to have a. !=ltrµcture 

·consistent with 3-piper~dinocarbonyl-4-methyl-7-methoxy-

15 1-naphthol. 

.STEP 6 

3-piper~dinocarbonyl-4-methyl-~-methoxy-l­

naphthol {2.5 g} from Step 5 and l-(2,3-dihydrobenzofur-

20 s_-yl) -1- (4-methoxyphenyl) -2-propyn-1 -ol (2 .s g) were 

·added to a. reaction flask containing 100 ml of toluene 
• and stirred. The stirred mixture was heated to so C and 

·a few drops of dodecyl. ·benzenesulfonic acid were added- ( 

an amount sufficient to produce a deep red color) • 

25 After two hours, the reaction mixture was cooled to room 

temperature and water was added. The organic layer was 

washed with water and the solvent was removed on a 

rotary evaporator. The resulting oil was puri~ied using 

a silica gel column and a 1:1 hexane:ethyl acetate 

30 mixture as the e~uant. The photochromic fractions were 

combined, concentrated and induced to crystallize from a 

small amount of a diethyl ether:hexane mixture. The 
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desired product was recovered by suction filtration and 

dried to yield 2.6 g of crystals having a melt:µig point 

of 201-203 ·c. A NMR spectrum showed the product to have 
. . ~ ~ 

a structure consistent with 2-{4-methoxyphenyl)-2-(2,3-

S d.ihydrobenzofuran-5-yl)-5-piperidinocarbonyl-6-methyl-9-

methoxy-2H-naph~(1,2-b]pyran. 

10 

EXAMPLE 5 

PART A 

Testing was done· with the photoqhromic _naphthopyrans -

of the Examples incorporated into polymeric samples by the 

following method. The quantity of naphthopyran calculated to 

yield: a 1.5 times io-3
. molal. solution was added to a flask 

contaiD.ing so grams of a monomer·blend of 4 parts·ethoxylated 
. . . 

ts bisphenol A dimethacrylate ·{BPA 2EO DMA}, 1 part poly(etl:iylene 

glycol) 600 dimethacrylate, and 0.033 weight percent 2,2'-. . . 
azobis (2-m.ethyl propionitrile) . (AIBN} • The naphthopyran was ,. 
dissolved.into the monomer blend by stirring and gentle 

heating, if necessary. :After a clear solutioi;i. was obtained, 

20 it was poured into a flat sheet mold having the interior 
~ . .,,,... 

dimensions of 2.2 mm x 6 inches (15.24 cm) x 6 inches (15.24 . 
cm}. The mold was sealed and placed in a horizontal air flow, 

programmable oven.set t~ increase the temperature fr.om 40°C. to 

95°C. over a s hour interval, hold the temperature at 95°C. for 

25 3 hours and then lower it to 60°C. for at least 2 hours.before 

the end· of the curing cycle. After the mold was opened, the 

polymer sheet was cut using a diamond blade saw into 2 inch 

30 

(5 .1 centimeters) ·test squares. 

Part B 

The photochromic test squares prepared in Part A 

were tested for photochrornic response rates on an optical 
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bench. Prior to testing on the optical bench, the 

photochromic test squares were exposed to 365 nanometer 

ultraviolet light for about 15 minutes to activate the 

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

S about 1.5 minutes to bleach.or inactivate the photochromic 

compounds. The test squares were then cooled to room , . . 
temperature, exposed to f1uorescent room lighting.for at.least 
2 hours and then kept covered for at least 2 hours prior to 

testing on ~ optical bench maintained at 75°14" (23. 9°C} • The 

10 bench was fitted with a iso watt Xenon arc lamp,·a remote 

controlled sh~tter, 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) 

... and a sample holder in which the square to be tested w~s 

15 inserted. A collimated beam of light fr?m a tungsten lamp was 

passed through the square at a small ang~e no~_ to. the 

square. After passing through the ·square,· the light from the 
. . . , 

tungsten lamp was directed through a photopic filter attached 

to a detector. The photopic_ filter passes wavelengths· such 

20 that the detector mimics the response of the human eye. The 

output_ signals from the detector(s) were processed by a . 
radiometer. 

Chang~ in optical d~sity (dOD) was dete~ined by 
inserting a test square in the bleached state into the sample 

25 holder, adjusting the transmittance SCale tO 1.0.Q% t Opening the 

shutter from the Xenon lamp to provide ultraviolet radiation 

to change the test sqliare ·from the bleached state to an 

activated (i.e., darkened) state, measuring the transmittance 

in the activated state, and calculating the change in optical 
30 density according to the formula 6 OD=log(l00/%Ta) where %Ta 

is the percent transmittance in the activated state and the 

logarithm is to the base 10. 
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The A OD/Min, which represents the sensitivity of 

the photo~hronU:-c compound's response to av light, was measured 

over the first five (S} seconds.of 'UV exposure, then expressed 

·on a per. minute basis. The saturation optical densisy (00) 

S · was taken under· identical conditions as the A OD/Min, except 

UV exposure was continued for 2 a minutes for the examples in .. . . 
Table 1. The lambda max reported in Table l. is the wavelengt~ 

in the visible spectrum at whi"Ch. the maximum absorption of ·the 
~ . . 

activated (colored) form. of the photocbromic compound in a 

10 diethylene glycol bis(allyl carbonate} composition occurs. 

The Bleach Rate (T 1./2) is the time interval in seconds tor 

the absorbande 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 th.e source of 

1S ac.tivat~g light. Results for the Compounds of the. Examples 

are tabulated in Table l.. 

TABLE 1 

20 E:nMPLE LAMBDA MAX 400/MIN L\OD@. Bleach 

COMPotJNDS (VISIBLE) SENSITIVITY SATURATION (Tl/2) 

l. 520 o.Ja 0.42 303 sec 

2 506 0.32 0.26 149 sec 

3 508 0.33 0.25 109 sec 

25· 4 535 0.34 0.65 >800 sec 

The results of Table l show that the bleach 

rate of 2H-naphtho(l,2-b]pyrans is dramatically effected 

30 by the nature of the 5-position.substituent. For 

example, Compounds 1 through 3 have an acceptable bleach 

rate, i.e., fade rate, while Compound 4 fades much 
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slower. All 4 of the Example Compounds have a high OD 

at saturation, i.e., activated intensity, and a high 

coloration rate, i.e., ·sensitivity. 

Although the present invention has~been described 

S with·reference to the specific details of particular 

embodiments thereof, it is not intended that such details be 

10 

• 
regarded as linlitaeions upon the scope of the invention 

except.as anc;i to the extent that they are included in the 

accompanying claims. 
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We claim: 

1. A naphthopyran compound represented by the 

following graphic formula: 

S wherein, 

(a) Ri is selected from the group consisting of 

-CH2X and -c (0) Y, wherein X is halogen, hydroxy, benzoyloxy, 

c1-c6 alkoxy, c2-c6 acyloxy, amino,.c1-c5 mono-alkylamino, c1-

c6 dialkylamino, mo:rpholino, piperidino, l-indolinyl, 

10 pyrrolidyl, "trimethylsilyloxy, or the group, -OCH(R11)Z, Y is 

the group, -OCH(Rii)Z, or an unsubstitW:ed, mono-substituted, 

or di-substituted heterocyclic ring selected_ from the group 

consisting of l-indolinyl, moz:pholino, piperidino, 1-. 
pyrro,~ ... idyl, l.-imidazolidyl, 2-imidazolin-1-yl, pyrazolidyl., 

1·5 pyrazolj.nyl and 1-piperazinyl, wherein Z is -or, -CF3 , 

20 

halogen, -C-{O}R121 or -COOR13 , R11 and Ri.2 are hydrogen or 

C1-C5 alkyl and R13 is hydrogen; said heterocyclic ring 

substituents being selected from c 1-c0 alkyl and c1-c6 alkoxy, 

and said halogen being chloro or fluoro; 

C7 cycloalkyl, unsubstituted, mono-, di-, or tri-substituted 

phenyl, the group, -OR5, wherein R5 is hydrogen, (C1 -c6)alkyl, 

phenyl(C1-C3)alkyl, mono-substituted phenyl(c1-c3)alkyl, 

25 (C1-C5)alkoxy{C2-C4)alkyl, c3 -c7 cycloalkyl, mono(c1 -c4}al.kyl 
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substituted c3-c7 cycloal.kyl, c1 -C5 haloalkyl, allyl, the 

gr~up, -CH(R7)w, wherein Wis -CN, -CF3, halogen, -C(O)R7, or 

-COOR7, wherein R7 is hydrogen, c1-c6 alkyl, or .. 
(C1-C5)alkoxy(C2-c4)alkyl, or R5 is the group~ -C(O)T, wherein 

S T is hydrog~,· Ci-C5 aiql, C1-C5 alkoxy, the substituted or 

• ·µnsubstituted aryl groups phenyl or naphthyl, phenoxy, C1 -C5 

mono-or di-alkyl substituted phenoxy, c1-c0 mono-or·di-alkoxy . . . 

s~stituted. phenoxy, C1 -C6 monoalkylamino; phe~yl.amino, C1-C5 . 

mono-or di-alkyl substituted phenyl.amino, C1-C5 mono-or di-

10 alkoxy substituted phenylamino, each of said phenyl or 

naphthyl substituents being c1-C5 alkyl, Ci-C~ alkoxy or 

lS 

halogen, each of said halogen or halo substituents:being 

chloro or fluoro· and n is selected from t:he integers o, l, 2, 

arid 3; and 

( c) B and B' are each selected from the group 

consisting of: 

(i) the unsubstituted,· mon9-, di-,· and tri-

substituted aryl groups phenyl and naphthyl; 

(ii} the unsubstituted·, mono- and di-

20 substit~ted heterocyclic aromatic groups pyridyl, furanyl, 
. . 

benzofuran-2-yl, benzofuran-3-yl, thienyl, benzothien-2-yl, 

benzothien-3-yl,. dibenzothienyl,· dibenzofuranyl, and­

carbazolyl, said aryl and heterocy~lic substituents being 

sel.ected from the group consisting of hydroxy, amino, c1-c6 

25 monoalkylamino, c1-c6 dialkylamino, morpholino, piperidino, l.­

indolinyl, pyrrolidyl, 1-imidazolidyl, 2-imidazol~n-l-yl, 2-

pyrazolidyl, pyrazolinyl, l-piperazinyl, C1-C5 alkyl, Ci-C6 

haloalkyl, C1-C5 alkoxy, mono(Ci-C5)alkoxyCC1-c4 )alkyl: 

acryloxy, methacryloxy, and halogen, said halogen or (halo} 

30 group being fluoro or chloro; 

THIS SHEET HAS BEEN 
REPLACED a 

~ . I . 
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(iii) the groups represented by the following 

graphic formulae: 

yyn:XRs 
(Rel~ Ria .. 

5 ~herein D is carbon or oxygen and E is oxygen or substituted 

nitr~en, provided that when E is substituted nitrogen, D is 

carbon, said nitrogen substituent being selected from the 

group consisting of hydrogen, c1-c5 allcYl,. and C2-C6 acyl; 

each Ra is c1-c5 a1kyl, c 1-c6 alkoxy, hydroxy, chloro or 

10 fluoro; Rg and R10 are- each hydrogen or C1 -C5 alkyl; and m is 

the integer o, l, or 2; 

(iv) c1-c0 alkyl, C1-C5 haloalkyl, C1-C5 

a1koxy(Ci-C4)alkyl~ C3-C5 cycloalkyl, mono{C1-C5) 
. ~ 

alkoxy ( C3 -C0) cycloalkyl, mono ( c1 -C0) alkyl· ( C3 -c0 ) cycloalkyJ., 

lS ~d h~lo(C3-C6)cycloalkyl, said halo groups being fluoro.or 

chloro; and 

20 

;....-

(v) the group represented by.the following 

graphic formula: 

wherein U is hydrogen or C1-C4 alkyl, and V is selected from 

the unsubstituted, mono-, and di-substituted members of t~e 

group consisting of naphthyl, phenyl, furanyl, and thienyl, . . . .. ... 

wher~in the substituents for each member of said group are 

25 C1-C4 alkyl, C1-c4 alkoxy, fluoro, or chloro; or 
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(vi) B and B' taken together form an 

unsubstituted, mono-, or di-substituted fluoren-9-ylidene or a 

member selected from the group consisting of saturated C3-c12 .. 
spiro-monocyclic hydrocarbon rings, saturated C7-C12 spiro-

S bicyclic hydroc~rbon rings, and saturated C7-C12 spiro­

tricyclic hydrocarbon rings,. said fluoren-9-ylidene 

10 

. . 

substituents being selected from the group consisting of 

C2-C4 alkyl, C1-C4 alkoxy, fluoro and chloro. 

2. The naphthopyran of claim 1 wherein: 

(a} R1 is selected from the group consisting 

of -CH2X and -C{O)Y, ~herein X is hydroxy, c1 -C4 alkoxy, or 

C2-C4 acyioxy, Y is the group, -OCH(R11 )Z, or an unsubstituted 

or mono-substituted heterocyclic ring selected from the group· 

IS consisting of 1-indolinyl, morpholino, piperidino, and 1.­

pyrrolidyl, wherein Z is -CN, -C(O)R121 or -COOR13, R11 ~d 

20 

,. 

R12 are hydrogen or Ci -C4 alkyl _and R13 is hydrogen! said 

· heterocyclic ring. substituents being selected from c1 -c4 alkyl 

and c,,..-c4 alkoxy; 

(b) R2 and each R3 are hydrogen, c 1 -c4 alkyl, 

unsubsti~uted, mono-, di-, or tri-substituted phenyl,. the 

group, -OR5, wherein R5 is c1-c4 alkyl or the group, 

CH(R7)W, wherein Wis -COOR7, and R1 is hydrogen or C1-C4 

alkyl, said phenyl ·substituents being C1 -C4 alkyl, C1 -C4 

25 alkoxy or fluoro and n is selected from the integers o, l., and 

2; and 

( c) B and B ' are each selected from . t;he group 

consisting of: 

(i} unsubstituted, mono-, di-, and tri-

30 substituted phenyl; 
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(ii) the unsubstituted, mono- and di­

substituted h~terocyclic aromatic groups pyridyl, furanyl, 

benzofuran-2-yl, benzofuran-3-yl, thie~yl, benzothien-2-yl, . 
benzothien-3-yl, dibenzothienyl, dibenzofuranyl, and 

S carbazolyl, each·of said phenyl and heterocyclic substituents 
being selected· from the groi.ip consisting of morpholino, .. 
piperidino, C1-C4 alkyl, c 1 -c4 alkoxy, and halogen, said 

halogen or (halo} group being fluoro or chloro; 

{iii) the gro~ps represented by the 
10 following graphic formula: 

wherein .D is carbon and E is oxygen; ~ach Rs is ·ci-C4 alkyl, 

C1-C4 alkoxy, hydroxy, or halogen, said,halogen being chloro 

15 or fluoro; Rg and R1o are each hydrogen or C1-C4 alkyl; and m 

is the integer O, l, or 2; 

·.• 

alkoxy(C1-C4)al~l, and c3-c0 cycloalkyl; and 

(v} the group represented by the 

20 following graphic formula: 

wherein U is hydrogen or methyl, and V is phenyl or mono­

substituted phenyl, said phenyl substituent being C1-c4 
25 alkyl, .c1 -c4 alkoxy, or f luoro; or 
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(vi) B and B' taken together form an 

unsubstituted or mono-substituted fluoren-9-ylidene or a 

member selected from the group consisting of saturated c3-c8 
... 

spiro-tnonocyclic hydrocarbon rings, saturated C7-C1a spire-

s bicyclic·hydrocarbon rings, and saturated C7-C10 spiro­

tricyclic hydrocarbon rings. 

3 . The naphthopyran of claim 2 wherein: 

(a} R1 is the group, .:ca:2X, or -C(O)Y, 

10 wherein Xis hydroxy, c1-c4 alkoxy,~r C2-C4 acyloxy·and Y is 

an unsubstituted or mono-substituted heterocyclic ring 

selected from· the group consisting of 1-indolinyl, morpholino, 

and piperidino; 

15 unsubstituted, mono-, di-, or .tri-substituted phenyl, the 

group, -OR6, wherein R6 is c1 -c2 ~.kyl or the group, 

20 

-CH(R7)W, wherein W i~ -COOR7, and R1 is C1-C2 alkyl,. said 

phenyl substituents being C1-C2 alkyl, Ci-C2 alkoxy or fluoro, 

and n~is selected from the integers O, 1, and 2; and 

{c) B and B' ·are each selected from the group 

consisting of: 

(i} unsubstituted, ~ono-, and-di-

substituted phenyl; 

(ii) the unsubstituted, mono- and di-

25 substituted heterocyclic aromatic groups pyridyl,' benzofuran-

2-yl, benzothien-2-yl, dibenzothienyl, and dibenzofuranyl, 

each of said phenyl and heterocyclic substituents being 

selected from the group consisting of morpholino, piperidino, 

C1-C2 alkyl, and C1-c2 alkoxy; and 

30 (iii) the groups represented by the 

following graphic formula: 
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wherein D·is carbon and Eis oxygen; each Ra is cl.-c2 alkyl, 
~ . 

C1-C2.alkoxy or fluoro; Rg ·and R10 are each hydr~en or c1-c2 

S alkyl; ·and m is the integer o, 1, or 2; or 

10 

.Civ} B and B' taken togeth~r ·form fluoren-9-

ylideri.e, born.ylidene, norbornylidene, bicyc~o[J.3 .. :t]nonan-9-

ylidene or·adamantylidene. 

4. The naphthopyran of claim 3 .wherein R1 is 

··· hydro~ethyl, a'.cetoxymethyl, morpholinocarbonyl, or 

piperidinoc~rbonyI; R2 and each R3 are hydragen,· phenyl, 

trtethoxy, methyl or· fluoro; and B and s 1· are. each phenyl, 

metjloxy substituted phenyl, moi:pho~ino sJ,lbstituted phenyl, 
. . 

,. 

IS dibenzofuran-2-yl, or 2·,J.:..dihydrobenzofuran-S-yl. 

S. A naphthopyran compound selected from the 

group consisting of: 

(a)· 2,2-bis(4-methoxyp~yl)-S-hydroxymethyl-

20 6-methyl-9-methoxy~2H-naphtho(l,2-b]pyran; 

(b) 2,2-bis.C4-methoxyphenyl) -s-hydroxymethyl-

6-phenyl-2H-naphtho (1,2-b]pyran; 

(c} 2,2-bis(4-methoxyphenyl)-S-acetoxymethyl-

6-phenyl-2H-naphtho(1,2-blpyran; 

(d) 2-(4-methoxyphenyl)-2-(2,3-

dihydrobenzofuran-S-yl)-S-piperidinocarbonyl-6-methyl~9-

methoxy-2H-naphtho[1,2-b]pyran; 

(e) 2,2-bis(4-methoxyphenyl)-5-hydroxymethyl-

6-methoxy-2H-naphtho[l,2-b]pyran; 

iiiiif THIS SHEET HAS BEEN 
REPLACED 

- "-""--~ - ""'""" llarll-ol.---- ""' .. ·- .• 
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-so. 
(f) 2,2-diphenyl-S-methoxymet:hyl-6-metb.oxy-

2H-naphtho(l,2-c]pyran; 

(g) 2,2-spiroadamantylene-s-ac~toxymethyl-6-

" methoxy--2H-naphtho(1,2-blpyran; 

S (h) 2,2-bia{4-methoxyphenyl) -s-
· trimethylsilyloxymethyl-6-met:hoxy-2H-naphtho (J.,2-blpyran; 

(i) 2-(4-methoxyphenyl)-2-t-butyl-S­

methoxym.ethyl-6·-:phenyl-9-methojcy-2K-naphtho [J., 2-b1 pyran; and 

(j) 2~ (4-~thoxyphenyl)-2-(2,3-

10 · dihydrobenzofuran-s-yl) -s-chloromethyl-s:uiet:hyl-9-methoxy-2R-

naphtho(l,2-b]pyran.. 

6. Aphotoie:hromi.c article comprising a polymeric 

organic host material and a photochromic amount of ·a 

15 naphthopyran compound of claim i. 

7. ·The photochromic article of C1aim 6 wherein. 
,. 

the pol~rie o~c host material is ·selected from. the gr9UP 

consisting of polya.crylates, polymethacrylate!, poly( C17C12 

20 alkyl methaerylates), polyoxy(alkylene methacrylates}, poly ,, 
(alk~~ated phenol metha.erylates), cellulose ~cetate, 

cellul:ose triac:etate, cellulose acetate propionate,_ cellulose 

acetate butyrate, poly(vi.nyl acetate), poly(vinyl alcohol), 

poly(vinyl c:hloride), poly(vinylidene chloride), thermoplastic 

2S polycarbonates, polyesters, polyurethanes, poly(etl:iyiene 

t.erephthalate}, polystyrene, ~oly(alpha met:hylstyrene), 

copoly(st:yrene-met:hylmethacrylate), copoly(st.yrene­

acrylonit:rile), polyvinylbutyral and polymers of meritPers of 

the group consisting of polyol(allyl carbonate) mono~rs, 

30 polyfunctional acrylate monomers, polyfunctional methacrylate 

monomers, diethylene glycol dimethacrylate monomers, 
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diisopropenyl benzene monomers, alkoxylated polyhydric al.cohol 

acrylate monomers and diallylidene pentaerythritol monomers. 

8. . .A pliotochro~ic article comprising a polymeric 

s organic host materi·al and a photochromic amount of a 

naphthopyran compound.of cl.aim 2. 

9 • The photoclu:'omic article qf CJ.aim 8 wherein 

th~ poJ.ymerie organic host ma.teri_al. is selected. frocn the group 

10 consisting· of polyacrylates, polymethacrylates, poly ( C1 -C12 

alkyl .methacrylates)°, ·polyoxy(alkylene methacrylates), poly 

(alkoxylated pheno~ methacry~ates), cellulose acetate, 

cellulose triacetate, cell~ose acetate propionate, cellulose 

acetate butyrate, poly(vinyl acetate}, poly(vinyl. al.cohol.) , 

lS poly(vinyl chloride}, poly(vinylidene chloride), thermoplastic 

polycarbonates~ polyesters, polyurethanes, poly(ethylene 

terephthalate) , polystyrene, poly(alpha methylstyrene), 

eopoly { styrene-methylmethacrylat~) , copoly C styrene­

acrylonitrile), polyvinylbutyral and polymers of members _of . . . 

20 the group consisting of polyol(allyl carbonate) monomers, 

polyfUiictional acrylate monomers, polyfunctional methacrylate 

monomers, diethylene glycol dimethacryl:ate monomers, 

diisopropenyl. benzene monomers, alkoxylated polyhydric a1cohol 

acrylate monomers and diallylidene pentaerythritol monomers. 

2S 

10.. The photochromic article of Claim 9 wherein 

the polymeric organic host material is a solid transparent 

homopolymer or copolymer selected from the group consisting o·f 

poly(methyl methacrylate), poly{ethylene glycol bis 

30 methacrylate), poly(ethoxylated bisphenol A dimethacrylate), 

thermoplastic polycarbonate, poly(vinyl acetate), 

polyvinylbutyral, polyurethane and polymers of members of the 
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group consisting of diethylene g1ycol bis(allyl carbonate) 

monomers, diethyle~e glycol dim~thacrylat~ monomers,. 

diisopropenyl benzene monomers, and ethoxylated trimethylol 

propane triacrylate monomers. 

11. The photochromic article of Claim 10 wherein 

the photochromi~ compound is present· in an amount of from 

about o. 05 to 1. o milligram per square centimeter of organic 

host material sux:;ace to which the photocbromic subst~ce(s) 

10 1s incorporated or applied. 

l.2. '?he photochromic article of Claim ll wherein 

the article is a lens. 

lS .13 • A photochromic .article comprising a 

photochromic amount of ~e naphthopyran compound of claim 3 

and a· polymeric organic host material selected from the group . . 
. consis~i-ng of poly(methyl methaceylate) ;'"'poly(ethylene glycol 

bis methacrylate), poly(ethoxylated bisphenol A 

20. dimethacrylate) , thermoplastic polycarbonate, poly {vinyl 

acetate), polyvinylbutyral, polyurethane and polymers of 

members of the group consisting of cliethylene glycol bis (al·lyl 

carbonate} monomers, diethylene glycol dintethacrylate 

monomers, diisopropenyl benzene monomers, and ethoxylated 

25 trimethylol propane triacrylate mono~rs. 

14. A photochromic article comprising a 

photochromic amount of the naphthopyran compound of claim 4 

and a polymeric organic host material selected from the group 

·30 consisting of poly(methyl methacrylate}, poly(ethylene glycol 

bis m.ethacrylate), poly(ethoxylated bisphenol A 

dimethacrylate), thermoplastic polycarbonate, poly(vinyl 

I I 
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acetate), polyvinylbutyral, polyurethane and polymers of 

members of the group _consist~ng of diethylene glycol bis(all.yl. 

ca~bonate) monomers, diethylene glycol dimethacrylate 

monomers, diisopropenyl benzene monomers, and ethoxylated 

S trimethylol propane triacrylate monomers. 

15 . A "photochromic: article comprising, in 

combination,· a solid t~ansparelit polymeric organic host 

material., and a photo~c'.amount of ea~ of (a) at least 

10 one napht~an compouxid of .. claim. 1, and (b) at least one 

other organic photoc:hromic compOund having at l.east one 

activated absorption maxima within the range of between a'.!:>out 

400 and 700 nanometers. 

lS 16 . The photochromic . arti~le of· Claim l.S wherein 

the polymeric organic host material is selected from the group 

consisting of poiyacrylates, polymethacrylates, poly( C1-C12 
,. 

alkyl methacrylates), polyoxy(alkylene methacrylates), p~l.y 

{alkoxylated phenol methacrylates), cellulo~e acetate, 

20 cellulose triacetate, cellulose acetate propionate, cel~ulose 
.... 

acetate butyrate, poly(vinyl acetate), poly(vinyl alcohol), 

poly.(vinyi chloride), poly(vinylidene chloride}, thermoplastic 

polycarbonates,· polyesters, polyuretJ:ian.es, poly(~thy!ene . . 
terephthalate}, polystyrene,- poly(alpha methylstyrene), 

25 copoly(styrene-methylmethac~l~te), eopoly(styrene-. 

acrylonitrile), polyvinylbutyral and polymers of members of 

the group consisting of polyol(allyl carbonate) monomers, 

polyfunctional acrylate monomers, polyfl.lil.ctional methacrylate 

monomers, diethylene glycol dimethacrylate monomers, 

30 diisopropenyl benzene monomers, alkoxylated po~yhydric alcohoi 

acrylate monomers and diallylidene pentaerythritol monomers. 
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17. The photochromic article of claim 15 wherein 

the o~anic photochromic compound (b) is select.ed from the 

group consisting of: 

(a) organic photochromic s).lbstance~ having at 

S . least one absorption maximum in the visible range of between 

400 and less than soo nanometers; 

(b) organic photochromic substances having an 

absorpti?D- maximum within the visible range of between about 

400 and 500 nanometers and~ absorption maximum within the 

10 visible range of '.between soo ·and. 700 i;i.anom.eters; and. 
~ 

(c) organic photochromic substances having .an 

activated absorption maxima in the visible range of greater 

than 570 nanometers;.and 

(d) mixtures of said organic ·photochrotnic 

ts ···substances. 

18 . The photoch:romic article of claim 17 wherein 

the organic photochromic compound (b) is .an organic 

photochroinic substances having an activated absorption maxima 

20 in the visible range of greater than 570 nanometers 

·' 

19. The photochromic article of Claim.. 16 wherein 

the polymeric organic host materia1 is a solid transparent 
. . 

homopol.ymer or copolymer selected from the group consisting of 

25 poly(methyl methacrylate), poly(ethylene glycol bis 

methacrylate), poly(ethoxylated.bisphenoi A dimet~crylate), 

thermoplastic polycarbonate, poly(vinyl acetate), 

polyvinylbutyral, polyurethane and polymers of members of the 

g~~up consisting of diethylene glycol bis(allyl carbonate) 

30 monomers, diethylene glycol dimethacrylate monomers, 

diisopropenyl benzene monomers, and ethoxylated trimethylol 

propane triacrylate monomers. 
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20. The photochromic article of claim l. 7 wherein 

the organic photochromic com.pound (b) is selected.from the 

group consisting of spiro(indoline)naphthoxazines, ·. 
5 spiro (~dol-ine) -pyridobenzoxazines, spiro {benzindoline) pyrido-

benzoxazines, spiro(benzindoline)naplithoxazines, 

spiro(b~~indolinelnaphthOPY:rans, spiro(indoline)benzoxazines, 

spi;ro(indoline}benzopyrans, spiro(indoline)naphthopyrans, 

spi~o(indoline)quinopyr~, spiro(indoline)pyrans, 3H7 

·IO nap~thor2·;1~blpyrans, 2H-phenanthro[4,3-blp'iraiis; JH­

phenanthro (l., 2-b] pyrans i benzopyran compourids and mixtures of 

such photochromic substances. 

~"" -;-·,. ' 
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