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NAPHTHOPYRANS AND PHOTOCHROMIC ARTICLES

DESCRISTION OF THE INVENTION

The presgnt invention relates ta certain novel
naphthopyran compounds. 'More pa.rt:icula.rl:y, t:hi:s invention
relates to novel photochromic naphthopyran coupounds and to
compositions and articles caortaining such novel naphthopyran
coimpounds. When exposed to light radiation involving

ultraviclet rays, such as the ultrav:.olet radiation m

sun.l:.ght or the light of a mercu.ry lamp, many photochromz.c
compounds exhibit a reversible change in color. When the

'ultraviclet radiation is discontinued, such a photochromic
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compound will return to its oz:.g:.nal color or colorless sta.te.

Variocus classes of photochrom:.c compounds have been.

'synt}mesiz,ed and suggested for use 'in applications in which a

sunlight-induced reveréible ¢olor change or darkening is
desired. U.S.- Patent 3,567,605 (Becker) describes a series of
pyran derivatives, including certain benzopyrans and
naphthopyrans. These compounds are described as. derivatives
of chromene .and are reported to undergo a color change, e.g.,
from colorless to yellow-orange, on i}.fradiaﬁion by. ultraviolet
light at temperatures below about -30°C. Irradiation.of the
compounds with visible light or upon raising the temperature
to above about 0°C is reported to reverse the coloration to a

colorless state,

U.S. Patent 5,066,818 describes various 3,3-diaryl-

. 3H-naphtho(2,1-blpyrans as having desirable photochromic

- -

properties, i.e., high colorability and acceptable fade, for
ophthalmic and other applicatioms. Als\ d:.sclosed by way of

Comparative example in the '818 patent are the isomeric 2,2-
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diaryl-2H-naphtho(1,2-b]lpyrans, which are reported to requiie
unacceptably long periods of time to fade after activation.

U.S. Patent 3,627,690 describes photochromlc 2,2-di-
substituted-2H-naphtho[1,2-b]pyran composztlons contalnlng
minor dmounts of either a base or weak-to-moderate strength
acid. The addition of either an acid or base to the
naphthopyran composxtzon is reported to increase the fade rate
of the colored naphthopyrans, thereby making them useful in.
eye protection.applications such as sunglasses. It is '
reported therein furgner.that the fade rate of ZH-napﬁthp;
{1,2-blpyrans without the éforeﬁentioged edditives 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 oxygeﬁ of
the pyran ring a phenyl group having a nitrogen containing
substztuent in. the ortho or para positions.

The present invention relates €o novel substltuted
2H-naphtho[1,2 blpyran cgmpounds which have been unexpectedly
found to have an acceptable fade rate in addition to a high
activated intensity and a high coloration rate. 1In -
particular, the use of certain substituents at the S5-position
of the naphtho-portion of the nephthopyran compound increases
the fade rate without tﬁe addition of acids or bases., In
addition, these compounds have certain substituents at the 2-
position of the pyran ring. Certain substituents may also be
present at the number 6, 7, 8, 9 or.lo carbon atoms of the

naphtho portion of the naphthopyran.

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 wvehicles,

. such as cars and airplanes, have been of interest because of

the potential safety features that such transparencies offer.

In accerdance with the present invention, it has now

been discovered that certain novel 2E-naphtho(1,2-b]pyran

" compounds having an acceptable fade rate, high activated

intensity and a2 high coloration rate may be prepared. These
compounds may be described as naphthopyrans having certain
substituents at the 2 position of ‘the pyran ring and at the
nuntl:_ie_r 5 carbon atom of tize naphtho+ portion of the
nap}:_xthopfy';'an ring. Certain substituents may also be present
at the ¢, 7, 8, 9 or 10 carbdr_z atoms of the naphtho portion of
the naphthopyran ring. These compounds may be represented by
the fqllowing‘ graphic formula:

In graphic formula I, Ry may be the group, -CHyX or
-C(O)'Y, X may be halogen, hydroxy, benzoyloxy, C1-Cg alkoxy,
Ca-Cg acyloxy, amino, Ci-cs mono-alkylamino, Cy-Cg
dialkylamino, i.e., di{Cy1-Cg) alkylamino, morpholino,

piperidino, 1l-indolinyl, pyrrolidyl, trimethylsilyloxy, or the
group, -OCH(Rj3)}Z; Y may be the group, -OCH(R;;)Z or an
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unsubstituted, mono-substituted, or di-substituted
heterocyclic ring selected from the group consisting of 1-
indolinyl, morpholino, pipegidino, l-pyrrolidyl, 1-
imidazolidyl, 2-imidazolin-1-yl, pyrazolidéi, pyrazdlinyl and
l-piperazinyl; 2 being -CN, -CF3, halogen, -C(O)Rj3, or
-COOR13; R1; and R;z may be hydrogen or C;-Cg alkyl; Ry3 may
be hydrogen; the heterocyclic ring substituents may be C;1-Cg
alkyl or cl;cs alkoxy, and haloéeg may be chloro or fluoro.
Preferably, Ry is the group, -CHyX or -C(Q)Y,
wherein X is hydroxy, C1-C4 alkoxy,'or Cz-C4 acyloxy, Y is the
group, -OCH{Rq1)Z, or an unsubstituted or mono-substituted

heterocyclic ring selected from the group comsisting of 1-

: indolinyi; morpholino, piperidino, and 1-pyrrolidyl, wherein 2Z

is -CN, -C(O)JRyz, or -COOR33, Rjj and Ry; are hydrogen or
C1-C4 alkyl, Ry3 is hydrogen; and the heterocyclic ring
substituents are C;-C4 alkyl or C;-C4 alkoxy.

More preferably, Rj is the érowp, -CH3X, or -C(Q)Y,
wherein X is hydroxy, C;-C4 alkoxy, or C3-C4 acyloxy and Y is
an unsubstituted or mono-substituted heterocyclic ring
selected from the group consisting of 1-indolinyl, wmorpholino,
and piperidino. Most preferably, R; is hydroxymethyl,
acetoxymethyl, morpholinocarbonyl, or piperidinocarbonyl. _

Ry and each R3 in graphic formula I may be hydrogen,
C1-Cg alkyl, C3-Cy cycloalkyl, unsubstituted, wmono-, di-, or
tri-substituted phenyl, the group, -ORg, wherein Rg may be
hydrogeﬁ, (Cl-Cs)alkyl, phenyl (C;-C3)alkyl, mono-substituted
phenyl (Cy-C3)alkyl, (Cy-Cg)alkoxy(Cy-Cgqlalkyl, C3-Cq - -
cycloalkyl, mono (C3-C4) alkyl substituted C3-C7 cycloalkyl,

C31-Cs haloalkyl, allyl, the group, -CH(R,)W, wherein W may be
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-CN, -CF3, halogen, ~C{O)R7, or -COORy7, wherein Rq may be
hydrogen, .CL-‘CS alkyl, or (Cp-Cg)alkoxy(Cz-C4l)alkyl, or Rg may
be the group, -C(O)T, wherein T may be hydrqgen, C;i-Cg alkyl,
C1-Cg alkoxy, the substituted or unsubstituted aryl groups
phenyl or naphth.yl, phenoxy, cl-cs wmono-or d:. -alkyl
subst:.tuted phenoxy CJ.'CG mono-~-or’ d:l.-alkoxy substituted
phenoxy, Cj-Cg monoalkylamino, phenylamino, C;-Cg mono-or di-
alkyl substitut‘:e_d'phenylamino, C1~Cg mono-or di- alkoxy
substituted pheh.ylamino, each of said phenyl ‘or naphthyl
substituents being Cy-Cg alkyl, Cy-Cg alko:;:y or halogen, each

of said halogen or halo substituents being chloro or fluoro,

and n is selected from the integers 0, 1, 2; and 3.

Preferably, Ry and eéy.ch R3 are hydrogen, C;-Cq4
alkyl, unsubstituted, mono-, &i-, or tri-substituted phenyl,
the group, -ORg, wherein Rg is T3-Cg alkyl or. the group,
-CH(R7)W, wherein W is -COORy, and Ry is hydrogen or C;-Cy
alkyl, the phenyl substituents are Cy-C4 alkyl, C3-Cg alkoxy
or fluoro and n is selected from the intiegez_'s 0, 1 and 2.

“ More preferably, Ry and each Rz are hydrogen, C;-Cp
alkyl, -u;zsubstituted; mono-, di-, or tri-substituted phenyl,
the group, -ORg, wherein Rg is C;~Cp alkyl or the group,
-CH(R7)W, wherein W is -COORq, and Ry is C3-Cz alkyl, - the
phenyl substituents are Cl-cé alkyl, C1-C, alkoxy or” fluoro,
and n is selected from the integers 0, 1 and 2. Most
preferably, Ry and each R3 are hydrogen, - phenyl, methoxy,
methyl or fluoro.

In graphic formula I, B and B! .may each be selected
from the group consisting of: (i) the unsubstituted, mono-,
di-, and tri-substituted aryl groups phenyl and naphthyl; (ii)
the unsubstituted, mono- and di-substituted heterocyclic‘

i

1S SHEET HAS BEEN
EPLACED




®\

10

15

20

25

-6-

aromatic groups pyridyl, furanyl, benzofuran-2-yl, benzofuran-
3-yl, thienyl, benzothien-2-yl, benzothien-3-yl,
dibenzothienyl, dibenzofuranyl, and carbazolyl, the_aryl and
heterocyclic substituents being selected from the group
consisting of hydroxy, amino, C1-Cg monoalkylamino, C;-Cg
dialkylamino, morpholino, piperidino, l-inddlinyl, pyrrolidyl,
l1-imidazolidyl, 2-imidazolin-1i-yl, 2-pyrazolidyl, pyrazolinyl,
1-piperazinyl, C;-Cg alkyl, Cy-Cg haloalkyl, C;-Cg alkoxy,
mono (C1 -Cg) alkoxy (Cy -C4)alkyl, acryloxy, methacryloxy, and
halogen, wherein the halogen or (halo) group may be fluoro or
chloro; (iii) the groups represented by the following graphié
formulae II A and II B: |

b>KiR9 Rg
E Rio R
(Ra)m ’ . (Rg)m 10
II A T II B

wherein D may be carbon or oxygen and E may be oxygen or
substituted nitrogen, provided that when E is substituted
nitrogen, D is carbon, said hnitrogen substituent being

selected from the group consisting of hydrogen, C;1-Cg alkyl
and C3-Cg acyl; each Rg may be C;-Cg alkyl, C1-Cg aléoxy,
hydroxy or halogen, wherein the halogen may be chloro or
fluoro; Rg and Ryg may each be hydrogen or C;-Cg alkyl; and m
may be the integer 0, 1, or 2; (iv) C;-Cg alkyl, C1-Cg
haloalkyl, C;-Cg alkoxy(Cy-C4q)alkyl, C3-Cg cycloalkyl,

mono (C1-Cg) alkoxy(Cy-Cg)cycloalkyl, mono(Cy-Cg)alkyl-

{C3-Cg) cycloalkyl, and halo(C3-Cg)cycloalkyl, said halo groups

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

following graphic formula II C:
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wherein U may be Hydrogen or cl;C4 alkyl, and V may be
selected from the unsubstituted, mono- and di-substituted
members of the group consisting of naphthyl, phenyl, furanyl,
and thienyl, wherein the substituents for each member of said
group are C1~C4 alkyl, C3-C4 alkoxy, fluoro, or .chloro; or
(vi) B and B’ taken together may form an unsubstituted, mono-
or di-substituted fluoren-9-ylidene or form a member selected

from the group consisting of saturated C3-C;; spiro-momocyclic

. hydrocarbon rings, e.g.. cyclopropylidene, cyclobutylidene,
- ecyclopentylidene, cyclohexylidene, cycloheptylidene,

cyclooctylidene, -cyclononylidene, cyclodecylidene,
cycloundecylidene, cyc;ododecylidene, saturated Cy-Cyo spiro-
bicyclic hydrocarbon rings, e.g:,-bicyclotz.z.llheptylidene,
i.e., norbornylidene, 1,7,7-trimethyl bicyclo[2.2.1]- .
heptylidene, i.e., borny@idene,”bicyclo[3.2.11octy1idene,
bicyclo§3.3.1]nonan-9-y1idene, bicyclo{4.3.2]undecane, and
saturated C7-Cjs spiro-tricyclic hydrocarbon rings, e.g..

' tricyclotz.2.1.0276]heptylidene, tricyclo[5.3.1.12'6]dod¢cy1-

idene, and Ericyclo[3.3.1;13'7]decy1idene, i.e., adamantyl-
idene, wherein the fluoren-9-ylidene substituents may be
selected from the group consisting of C;-C4 alkyl, Cy-Cg
alkoxy, fluoro and chlbro..

'Preferably, B and B' are each selected from_ﬂhe
group consisting of: ki) 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, benzothien-2-yl,
benzothien-3-yl, dibenzothienyl, dibenzofuranyl and
carbazolyl, each of the phenfl and heterocyclic substituents
being selected from the group consisting of ;orpholiﬂo, .
piperidino, C;-C4 alkyl, C3-Cg alkoxy and halogen, the halogen

or (halo) group being fluoro or chloro; (iii} the groups

. represented by the graphic formula II A, wherein D is carbon

and E is oxygen; each Rg is C;-C4 alkyl, C3-C4 alkoxy, hydroxy
or Halogen, the halogen being chloro or fluoro; Rg and Ryg are
each hydrogen or C;-C4 alkyl; and m is the integer 0, 1 or 2;
(iv)'cl-c4 alkyl, C;-Cg alkoxy(C;-C4q)alkyl and C3-Cg

cycloalkyl; and (v) the group represented by graphic formula

.II C, wherein U is hydrogen or methyl, and V is phenyl or

mono-substituted phenyl, the phenyl substituent being C3-C4
alkyl, C;-C4 alkoxy or fluord; or (vi) B and B? taken together
form an unsubstituted or mono—substituteé'fluoren-s-ylidene or
a member selected from the group consisting of saturated C3-Cg
spiro-monocyclic hydrocarbon rings, saturated Cy-Cig spiro-
bicyblgp hydrocarbon ring, and saturated C7-Cig spiro-
tricyclic hydrocarbon rings.

More preferably, B and B' are eaéh selected frém the
gfoup,éonsisting of: (i) unsubstituted, mono- and di-
substituted phenyl; (ii) the unsubstituted, mono- and di-
substituted hete:ocyclic aromatic groups pyrid?l, benzofuran-

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

.of the phenyl and heterocyclic substituents being selected

from the- group consisting of morpholino, piperidino, C1-C;3
alkyl and Cq-Cy alkoxy; anﬁ (iii) the groups represented by
graphic formula II A, wherein D is carbon and E is oxygen;

each Rg is C;-Cj alkyl, C1-Cy alkoxy or fluoro; Rg and Ryg are
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each hydrogen or C;-C, alkyl; and m is the integer 0, 1 or 2;

or (iv) B and B' taken together form fluoren-9-ylidene,
bornylidene, norbornylidene, bicyclo(3.3.1] x_}onan-s-y.liden_e or
a.ciamantylidene. Most preferably, B and B*' are each phenyl,
methoxy substituted phenyi, morpholino substituted pﬁényl,
dibenzofuran-2-yl,sor 2,3-dihydrobenzofuran-5-yl.

Compounds represented by graphic formula I may be
prepared by the following steps. Benzophenones represented by
'g'ra.ph'.ic-: formula V and VA are either purchased or prepared by

Friedel-Crafts methods using an épproprié.t:ely substituted or
.unsubstituted benzoyl chloride of graphic formula IV and a

commercially available substituted or unsubstituted benzene

compound of graphic formula ITI. See the publication Eriedel-

" Crafts and Related Reactions, George A. Olah, Interscience

Publishers, 1964, Vol. 3, Chapter XXXI (Aromatic Ketone
Synthesis), and "Reéiosélective Friedel-Crafts Acylation of
1,2,3,4-Tetrahydroquinoline and Related Nitrogen Heterocycles:
Effect on NH Protective Groups and lging Size" by Ishihara,
Yugi et al, J. Chem. Soc., Perkin Trans. 1, pages 3401 to

3406, 1992,

The compounds represeﬁ.ted by graphic formulae IXI
and IV are dissolved in a solveﬁ._t, such as carbon disulfide or
methylene chloride, a.nd reacted in thg presence of z Lewis
acid, such as aluminum chloride or tin tetrachloride, to form
the corrésponding substituted 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 COoCl
Alc13
+
CH2C1 2
+ R T
v

In - Reaction .B, tﬁ.e .substituted or unsubstituted
ketone represented by graphic formula VA, in which B and B!
may represent groups other than substituted or unsubstituted
phenyl, is reacted viitfh sodium acetylide in a ‘'suitable
solvent, such as anhydrous tetrahydroftiran (THF), to form the
corresponding proparéyl alcohol represented by graphic formula
VI. Propargyl alcochols. having B or B' groups other than
substituted and unsubstituted phenyl may.be prepared from
conmercially available icetones or for example, from ketones.
prépared via reaction of an acyl halide with a substituted or
unsubstituted benzene, na:phthalene, or heterocaromatic
compound. Propargyl alcohols hé.ving B or B’ groups
represeﬁted by graphic formula II C may be prepared by the
methods described in U.S. Patent 5,274,132, column 2,- lines 40
to 68.

REACTION B
o]
" HO C==CH
o +  HC==CNa THF Nl
/ — ——— \
B \B ' B/ B!
VA VI
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Naphthols represented by graphic formulae VIII and
XIII, used in the preparation of naphthopyrans of graphic
formula I, may be prepared as described in Reactian C or D.
In Reaction C, 1,4-dihydroxy-2-naphthoic acid, repreéente& by
graphic formula VII, is reacted with an alkyl halide, e.g.,
methyl iodide,.in the presence of ethyldiisdpropyl amine in a
suitaple soivent such as anhydroﬁs dimethylﬁormamidé ({DMF}, to
form the corresponding methyl-1,4-dihydroxy-2-naphthoate,
which is represented by graphic formula VIII. This reaction. is
further described in The Jourmal of O?ganic:c&emistry; 55(175,
1981, page 3477. '

REACTION C
OH oH
. _ . COOCH.
COOH : CH3CH,N (CH (CH3) 2) 2 3
+ Methyl Iodide - >
DMF
OH " OH
VII : _ VIII

In Reaction D, a substituted or unsubstituted
acetophenone, benzophenone, or benzaldehyde represented by
graphlc formula IX is reacted with dimethyl succxnate—(graphic
formnla X) in the presence of a base such as sodlum hydride or
potaSSLum t-butox1§e:1n a suitable solvent such as toluene or
THF to form the appropriate substituted monoester of an a-
arylidene succinic acid; represented by graphic formula XI.
Compound XI is heated with acetic anhydride and anhydrous
sodium acetate to form the corresponding acetate derivative
represented by the graphic formula XII. Compound XII is
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 1,
pages 1-73, John Wiley & Sons, Inc., New York.

REACTION D
“ ' R
o 2
\ COOCH3
+ “OCH;
ocH, NaH, Toluene -
' : (R;)g  HO
X . XTI o
o)
(CH4CO) 20
CH3COONa
Rz RZ
COOCH, COOCH,
(Rs) L Ry
A n——
T CH30H 3’0
] OH o OCOCH,
s XIIT XII

In Reaction E, a propargyl alcohél represented by
graphic formula VI is coupled with a naphthol represented by
graphic formula VIIIA (VIII further substituted with (R3)p)to

10 form 6-hydroxy naphthopyrans represented by graphic formula
XIV. The 6-hydroxy substituent of compounds represented by
graphic formula XIV may be converted, for example to a 6-
alkoxy grqﬁp, by reaction with an alkyl halide, e.g., methyl
iodide, ethyl iodide, benzyl bromide, etc., to form co;npounds

15 represented by graphic formula XV. Compounds represented by
graphic formula XV may be reduced, for example with lithium
aluminum hydride (LAH) in an inert solvent such as TﬁF to

yield the S-hydroxymethyl substituted compounds represented by
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graphic formula XVI. The S-hydroxymethyl substituent of
compounds represented by graphic formula_ XVI may be
derivatized in a variety of ways. It can be converted to an
alkoxymethyl by reacting compounds represent;d by gra'.phic-
formula XVI with an alkyl halide such as methyl iodide, n-
propyl brbmide, benzyl bromide, etc., in the presence of a

base such as potassium carbonate to produce compounds

represented by graphic formula XVII. Alternatively the
hydroxymethyl can be acylated with an acyl halic_ie, e.g. acetyl
chloride, foenzoyi chlori_d'e., ‘etc., to yield _céompounds
represented by graphic formula‘ XVIII. In a third example, ‘the
hy&omethyl may be reacted with trimethylsilyl chloride, in

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

"'_produce trimethylsilyl ethers represented by compounds of

graphic formula XIX .
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REACTION E
OH
COOCH,
. . K+
(R3)p . I-IO\ C==CH__~
Toluene
B/ !
. OH .
VIIIA + vI (Ry)4
| SH,0H
LAR
- e
(o) B THF
6:29 54

XvI
Acyl Halide Clsi(CH3)3
Et3N

Alkyl Icdide
K2COy
DMF .

CH,0Si (CH,) 4

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

5 bearing napﬁthopyran 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 S-hydroxymethyl compounds
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 graphic formula XXII. The S-chloromethyl of
compounds represented by graphic formula XXII can be further
derivatized using reactions known in the art, such as by '
reacting it with a primary, secondary, or heterocyclic amine,
e.g. propyl amiﬁe, diethyl amine, morpholine, etc., to give S-
aminomethyl compounds represented by formula XXIII.
Alternatively the hydroxymethyl group of compounds represented
by graphic formula XXI can be rea.cted with an .alkyl halide,
e.g. methyl iodide, propyl iodide, benzyl bromide, etec., to
yield compounds represented by graphic formula XXIV.
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REACTION F

Thionyl Chloride . Alkyl Halide
: ' K2C03

DMF

CH,C1

(Ra) g

XXII

_ 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 of-graphic
formula XXV is protected by reaction with acetyl chloride to

10 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 XXVII. The
acid chloride éf compounds of graphic formula XXVII is
converted to an amide group by reaction with a primary,
secondary or heterocyclic amine, e.g. propyl amine, diethyl
amine, morpholine, . piperidine, etc., to give compounds of
graphic formula x;n;rn; The acetoxy substituent of compounds
of g'rap.h:ic formula XXVIII is deprotected by reaction with .
methanol in the presence of HCl to yield the naphthols of
graphic formula XXIX. Pyrans containing a S-<amide group
represented by graphic forﬁula XXX are prepared by reacting a
naphthol of graphic formula XXIX with a bropargyl alcohol of
graphic formula VI.



-18 -

REACTION G

. COOQCH, ‘ oo
"~ (Rydpn KOH
. * Water/alcohol
xrrx .

Acetyl chloride

TEA/ CH2C1,
R; : R,
COCH ' cocl
(Ry)n OO Thionyl Chloride (Ry)g OO
———— .
OAc .
VI . Amine xxvir OA°¢
' Ra ' . -
COAmino Methariol COAmino
(Ry)n ———H+—> Ry
OAc OH |
XXVIII HO C=CH XXIX
2 Mg
VI
COAmino
BES
—B
o v
(Ry) g

XX

Compounds represented by graphic formula I may be
used in those applications in which organic photochromic
5 substances may be employed, such as optical lenses, e.g.,

vision correcting ophthalmic lenses and plano’ lenses, face
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shields, goggles, visors; camera lenses, windows, automotive
windghields, aircraft and automotive t:r_a.nsparencies, e.g.,
T-roofs, sidelights and backlights, plastic films azi.d.
sheet;s, textilés and coatings, e.g., cdat:'ing‘

‘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 desired.

Naphthopyrans represented by graphig: formula I exhibit
coloxr chan"ges from .colorless to colors ranging from
yellow to red/purple.
Examples of .contemplated naphthopyrans within the

scope of the invention are the following of:

(a) 2,2-bis (4-met£oxypheny1) -5-hydroxymethyl-6-methyl-9- |
wmethoxy-2H-naphtho(1,2~-b]pyran;

(b} 2,2-bis{4-methoxyphenyl)-5-hydroxymethyl-6-phenyl-2H-
naphtho {1,2-blpyran; _

(c) 2,2-bis (4-met:hoxyphenyl) -5- a:cetoxymethyl -6-phenyl-2H-
naphtho {1,2-blpyran; '

(@) 2- (4-methoxyphenyl) -2-(2,3- dz.hydrobenzofuran- -yl) 5-
piper:.axnocarbonyl- 6-methyl-9-methoxy-2H-naphtho [1,2-blpyran;

(e} 2,2 -bis(a -methoxyphenyl) -5-hydroxymethyl-6-methoxy-
2H-naphtho [1,2-b]lpyran; '

(£) 2,2 -dipheﬁyl -5-methoxymethyl-6-methoxy-2H~
naphtho {1, 2-bj pyran;:

() 2, 2- spiroaé.amantylene- 5-acetoxymethyl -6 -methoxy-2H-
naphtho[1,2-b]lpyran;

(h) 2,2-bis(4-methoxyphenyl) _5-triméthylsilyloxymethyl-6-
methoxy-2H-naphtho (1,2-blpyran;

(i) 2-(4-methoxyphenyl)-2-t-butyl-5-methoxymethyl-6-
phenyl-9-methoxy-2H-naphtho[1,2 -b]'pyran; and
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{§) 2-¢ 4-met';hoxyphenyl) -2-(2,3-dihydrobenzofuran-5-yl) -s-
chloromethyl-6-methyl-9-methoxy-2H-naphtho (1,2-b]lpyran.

It is contemplated that the organic photochromic
;'xaphthopyrans of graphic formula I be used in combination with
other appropriate complementary organic photochromic materials
so that together t;‘hey pr.oduce a near neutral gray or brown

color shade when the plastic lens containing such photochromic

' materials are exposed to ultraviolet light. For example, a
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cowpound which colors to yellow may be blended with a compound
that colors to an appropriate purple 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
combihat;’.on of photochromic materials may be used also ih.
applications other than opﬁthalmic lenses.

The novel naphthopyran compounds of the present
J.nventz.on, such as those heretofore descrz.bed may be used
alone or in combmatlon with complementary photochromic
compounds, i.e., orgam.c photochrom:.c compounds having at.
least one activated absorption maxima w:.th:.n the range of
between about 400 and 700 nanometers, or substances containing
same, and may be :anorporated, e.g., dissolved or dispersed,
in a polymeric organic hosﬁ material used to prepare _
photochromic articles and which compounds or mixtures of
coﬁ\pounds 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
greater than 570 nanometers, e.g., between about grea;:er than
570 to 700 nanometers. These materials typically exhibit a

blue, blueish-green, or blueish-purple color when expolsed to
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ultraviolet light in an appropriate solvent or matrix. Many

-of such compounds are described in the open literature. For

example, spiro( indoliné)na_phthoxazines have been described,
among others, in U.S. Patent Nos. 3,562,172, 3,578,602; -
4,215,010; and 4,342,668; 'sp’i‘rb(indoline)napht:hoxazines having
certain substituents on the 8' and 9' positions of the
naphthoxazine 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)-
pyridobenzoxazines and spiro (be;:.zinc}oiine)naﬁhtho:az-iqes are
described in U.S. Patent 4,931;219; spiro (benzindoling)—
naphthopyrans .ar_e described in Japanese Patent Publication
62/195383; spiro(indoline)benzdxazines are described in U.S.

' Patent 4,816,584; spirbh(indoline)beniopyrans, spiro(indoline) -

naphthopyrans, and spiro(indoline)quinopyrans are described,
for example, in U.S. 4,880,667; and benzopyrans and
naphthopyrans having a nitrogen-containing subst:.tuent in the

2-position of the pyran ring are describéd in U.S. Patent
4,818,096. 8p1ro(1nd011ne)pyrans are also described in the
text, wsm Volume III, "Phot:ochromism;."
Chapter 3, Glemn H. Brown, Ed:.tor, John Wiley and Sons, Inc:,
New York, 1971.

A second group of complementary organic photochromic
substances contemplatéd for use with the organic phot.oéhromic'
naphthopyrans of the present invention are those having at
least one absorption maximum within the visible range of
between about 400 and less than 500 nanometers. These
materials typically exhibit a yellow—br;énge color when exposed
to ultraviolet light in an appropriate solvent or matrix. |
Such compounds include certain chromenes, i.e. . benzopyrans
and naphthopyra.ns. 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 5,066,818. Other examples of complementary benzopyrans

. and naphthopyrans that may be used with the naphthopyrans of

the present invention include: those having a spiro adamantane
group at the position alpha to thé oxygen atom of the pyran
ring, which are described in U.S. Patent 4,826,977; 2H-
naphtho- (1, 2-b] pyran compounds ha.vmg certain su:bst::.l:utents at.
the number 5 and 6 carbon atoms of the naphth.o portion of the
naphthopyran and at the 2 position: of the pyran which are the
subject of co-pending U.S. Patent -Application Serial No.
08/i64,187, filed December 9, 1993; Bﬁ-naphtho:[z,lfblpyrans

‘having at least one ortho-substituted phenyl substituent at

the 3-position of the pyran ring which are described in U.S.
Patent 5,066,818; 3H-naph.tho {2,1-blpyran compounds havmg

. certain substituents at the number 8 carbon atom and ce.rta:u.n

substituents at the number 7 or 9 carbon atom, all
substituents being on the naphtha portion of l:h_e naphthopyran,
which are the subject of co-pend:ing U.5. Patent Application
Serial No. 08/080,246, filed June 21, 1993; 3H-naphtho(2,1-
blpyrans substituted at the 3 position of the pyran ring with
(1) an aryl substituent and (11) a phenyl subst:.tuent having a
S- or G-member heterocyclic ring fused at the number 3 and 4
carbon atoms of the phenyl substituent are described in U.S.
Patent '5,384,077; diaryl-3H-naphtho(2, l-b] pyran compounds
having a substituted or unsubstituted, 5 or 6 member K
heterocyclic ring fused to the g, 1, or 1 side of the
naphthopyz:an which are the subject of co-pending U.S. Patent
Application Serial No.08/225,022 filed April ‘8, 1994;
naphthopyran compounds substituted at the number 8 carbon atom
on the naphtho _port:ion of the naphthopyran ring, with for
example, a methoxy group which are the subject of U.S..- Patent
5,238,931; naphthopyran compounds, examplés 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-blpyrans 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 organlc phot:ochromc
substances contemplated for use with the organic photochrom;_c
naphthopyrans of the present 1nventlon are those having an
absorption maximum within the visible range of between about’
400 to about 500 nanometers :_and another-absorpt::.on-ma:unmm
within the visible -range of between about 500 to about 700
nanometers. . These materials ‘typically exhibit color(s) -
ranging from yellow to purple and yellow/brown to purple/gray
when exposed to ultraviolet light in an appropriate solvent orxr
matrix. Examples of these compounds include certain
substituted 2H-phenanthro[4,3-b]pyrans;. substitutea 3H-
phenanthro{l,2-b]lpyrans; and benzopyran compounds, such as
those having.substituents at the 2-position of the pyran ring
and a substituted or unsubstituted hetero'cyclic riné, such as
a benzothieno or benzofurano ring fused to the benz portion of
the benzopyran. Such later described compounds are the
subject: of co-pending U.S. Patent Appl:.catz.on Nos. 08/286,039
filed August 4, 1994 and U.S. Batent §,411,679.

) Photochromic articles of the present invention nay
contain one photochrom:.c compound or -a mixture of photochromic
compounds, as desired or requxred. Individual phot:ochromc
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 (hereinafter
also referred to and included as a second group photochromic
compound) may be used also in combination with the oz;‘g’anic
photochromic substances of the first complementary group of

photochromic compounds described herein, i.e., those that
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color 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 compoinds or mixtures of
such compounds may be combined with or used in conjunction
with the third group described ﬁerein that exhibit colors
ranging from yel].c;v to purple and yellow/brown to purple/gray.
Each of thé photochromic substances described herein
may be used in amounts (or in a ratio) such that an organ.:.c
host material to which the photochromic compounds or m:.xture
of compounds is applied or in which they are incorporated
exhibits a .desired resultant color, e.g., a substantially

neutral color when activated with unfiltered sunlight, i.e.,

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

activated photochromic compounds.

| A neutral gray color exhibits a spectrum that bhas
relatively equal absorption in the visible range between 400
and 700 nanometers. A _neutral Brown color exhibits a spectrum

in which the absorptioﬁ in the 400-550 nanometer range is

foderately larger than in the 550-700 nanometer range. 2An

altermdative way of de.scribing color is in terms of its
chromaticity c.oordinat:es, which describe Ehe qualities of a
color in add:.t:.on to its luminance factor, i.e., its
chromaticity. In the CIE system,- the chromat:.c:.ty coordmates
are obtained by tak:.ng the ratios of the tristimulus values to
their sum, e.g., x=X:/ (X+Y¥+2Z) and y=Y/(X+¥+Z). Color as
described in the CIE 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.
W. Billmeyer, Jr., and Max Saltzman, Second Edition, Jdhn
Wiley and Sons, N.Y. (1981). As used herein, a near neutral

color is one in which the chromaticity coordinate values of



10

15

20

30

-25+

"x"* and "y" for the color are within the following ranges (D65
illuminant): x = 0.260 to 0.400, y.= 0.280 to 0.400 following
activation to 40 percent luminous tra.nsmiss:'.__on by exposure to
solar radiation (Air Mass 1 or 2). _ .

The amount of photochromic substance or composition
containing same applied to or incorporated. into -:a host
material is not critical provided that a sufficient amount is
used to produce a photochromic -effect discernible to the naked
eye upon activation. Generally such amount can be described

as a photoéﬁromic amount. The particular amount used depends

-often upon the intensity of color desired upon irradiation

thereof and upon the method used to incorporate or apply the

photochromic substéances—. Typically, the more photochromic

" substance applied or incorporated, the greater is the color

im';ensity up to a certain limit.

The relative amounts of the aforesaid photochromic
compounds used will vary and depend in part upon the relative
intensities of the color of the a:ctivated species. of such’
compounds, and the ultimate color desired. Generally, the’
amount of ‘total photochromic substance incorporated into or
applied:‘ to a ﬁhotochromic'opticai host material may range from
about 0..0‘5 to about 1.0, e.g., from 0.1 to about 0.45,

miliigrams per square centimeter of surface to which the.

photochromic substance(s) is incorporated or applied. When

mixtures of the aforedescribed organic photochromic

' complementary groups are used, the weight ratio of such

mat.erials, i.e., (first to second), (second to third), and
(naphthopyran .of the present invention to other second group
compounds) will vary from about 1:3 to about 3:1, e.g., |
between about 0.75:1 and about 2:1. The combination of the

first, second, and third described organic photochromic
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complementary groups may have a weight ratio that will vary
from about 1:3:1 to 3:1:3.
The ﬁpctochromic substances of th? present invention
-m&y be applied to or incorporated into a host material such as
.5 a polymeric organié host material by various methods described
in the art. Such mgthods include dissolving or dispersing the
photochrbmic substance within the host material, e.g., casting
iﬁ‘in.plabe by adding the photochromic substance to the
‘monomeric host material prior to polymeriiation; imbibition of
10 tﬁe photochfomic substance into the host material by immersion
of the host material in a hot solution of the photochromic
substance or by thermal tfansfer; providing the photochromic
substance as a separate layer between adjécent layers of the
"~ host material, e.g., as a part of a pol?meric'fi;m; and
IS5 applying the photochromic substance as part of a coating
‘pPlaced on the surface of the host material. The term
“imbibition“ or "imbibe" is intended to mean and include
permeation of the photochromic substance alone into the host
material, solvent assisted transfer of the photochromic
20 sﬁbstagce into a porous polymer, vapor phase transfer, and
other ;;ch transfer mechanisms.

. Compatible (chemically and color-wise) tints, i.e.,
dyes, may Bé applied to the host material to achieve a more
aesthetic resuit, for medical reasons, or for reasons of

25 fashion. The particﬁlar dye selected qill vary and depend on
‘the aforesaid need and result to be achieved. In one
embodiment, the dye may be selected to complement the color
resuiting from the activated photochromic_subséances, e.g.,
to achieve a moré neutral color or absorb a particular_

30 wavelength of incident light. In another embodiment,.the dye
may be selected to provide a desired hue to the host matrix

when the photochromic substances is in an unactivated state.
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Adjuvant materials may also be incorporated into the
host material wi.t_h the photochromic substaﬁces prior to,
simultaneocusly with or subsequent to application or
incorporation of the photochromic substances in the host '
material. For é_xample, ultraviolet light absorbers may be
admixed with photochromic substances before their application
to thg host materigl or such absorbers‘ may be si:.perposed,
e.g., superimposed, as a layer between éthe' photodhrom:i:c
substance and the incident l:.ght Further, stabilizers may
be admixed with the photochrom:.c substances prior to their’
application to the host material to improve the llg'ht: fatigue
.resistance of the photochromic substances. stabilizers, such

as hindered amine light stabilizers and singlet oxygen

_ quenchers, e.g., a nickel ion complex wiﬁt_h an organic ligand,

are qon:templaf:ed. They may be used alone or in combination.
Such étabilizers are described in U.S. Patent 4,720,356.
Finally, appropriate protective coating(s) may: be appiied to
the surface of the host material. These may be abrasion
resistant coatings and/or coatings that serve as oxygen
barriers. Such coatings are known in the art.

it The host material will usually be transparent, but
may be translucent or even opagque. The host material need
only be transparent to that portion of the electromagnetlc
spectrum, which act:.vates the photochromic substance, i.e.,
that wavelength of ultraviolet (UV) light that produces the

open form of the substance and that portion of the visible

- Spectrum that includes the absorption maximum: wavelength of

the substance in its UV activated form, i.e., the open form.
Preferably, the host color should not be such that it masks
the color of the activated form of the photochromic substance,
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 applicatioms, such as plano and

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

‘windshields, aircraft transparencies, plastic sheetiﬁg,

polymeric films, etc.

Examples of polymeric organic host materials which
ﬁéy be used with.the photochromic substances or compositions
describgd hereiﬁgincldde: polymers, i.e., homopolymers and
copalymers, of polyol{allyl carbonate) monomers, diethylene
glycol diméthacrylate monomers, diisopropenyl benzene
monomers, and élkoxylated polyhydric alcohol acrylate monowmers
such as ethoxylated trimethylol propane t:iacrylate monomers;

polymers, i.e., homopolymers and_copolymers,-of

o polyfunctiodal, i.e., mono-, ﬁi—, tri-, tetra, or multi-

15
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functional, acrylate and/or methacrylate monomers,
polya;ryiates,_polymethacrylates,.poly(.cl-clz alkyl
methacrylétes) suéh as poly(methyl methacrylate),
polyoxy(alkylene methacrylates) such as poly(ethylene glycol
bis methacrylates), poly (alkoxylated phenol methacrylates)
such gg'poly(eﬁhoxylgtéd-bisphenol A dimethacrylate),
cellulose acetate, cellulose triécetate, cellulo;e acetate
propionate, cellulose acetate butyrate, poly(vinyl acetate),
poly(vinyl alcohol), poly{vinyl chloride), poly(vinylidene
chloride), polyurethanes, thermoplastic polycarponates,
polyesters, poly(eth&lene terephthalate), polystyrene, pdly
(alpha methylstyrene), .copoly{styrene-methyl methacrylate),
cdpoly(styrene-acryldnitrile), pclyvinylbutyrél and polymers,
i.e., homopolymers and copolymers, of diallylidene '
pentaerythritol, particularly copolymers with polyol (allyl
carbonate) monomers, e.g., diethylene glycol bis(all%i

carbonate}, and acrylate monomers.



10

15

20

30

-29 -

Transparent cépolymers and blends of transparent

~ polymers are also suitable as host materials. Preferably, the

host material is an optically clear polymerized.organic
material prepared from a thermoplastic polycarbonate -resin,

such as the carbonate-linked resin derived from bisphenol A

and phosgene, which is sold under the trademark, LEXAN; a
:polyester, such-as'Ehe material sold under Ehe trademark,
‘MYLAR; K a poly(methyl methacrylate), such as the material sold
under the trademark, PLEXIGLAS polymerizates of a

polyol(allyl carbonate) mcnomer, especially diethylene glycol
bls(allyl carbonate), which monomer is sold under the
trademark CR-39, and polymerizates of copolymers of a polyol
(allyl carbonate), e.g., diethylene glycol ﬁis(allyl

.- carbonate}, with.other copolymerizable monomeric materials,

such as copolymers with vinyl acetate, e.g., copolymeré of
from 80-90 percent dlethylene glycol bis(allyl carbonate) and
10- 20 percent vinyl acetate, particularly 80-85 percent of the
bzs(allyl carbonate) and 15-20 percent vinyl acetate, and’
copolymers with a polyurethane havxng terminal diacrylate E
functlonallty, as descrmbed in U.S. patent 4,360,653 and
4,994,%08; and copolymers with aliphatic urethanes, the

terminal portion of which contain allyl or acrylyi functional

groups as described in U.S. Patent 5,200,483; poly{vinyl
acetate), polyvinylbutyral, polyurethane, polymers of-members
of the group consisting of diethylene glycol dimethacrylate
monomers, diisopropenyl,benzene'monomers,_and ethbxylated
trimethylol propane triacrylate monomers; cellulose acetate,
cellulose propionate, cellulose butyrate, céllulose acetate -
butyrate, polystyrene and copolymers of styfene with methyl
methacrylate, vinyl acetate and acrylonitrile. More
particularly, contemplated is uée 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 lénses, windows, and automotive-
transparencies. Such optically clear polymetrizates may hﬁve a
refractive index that may range from about 1.48 to about 1.7s,
e.g., from about 1.495 to about 1.66.

'Jf.‘he pres;nt invention is more particularly described
in the following examples which are intended as illustrative

only, since numerocus modifications and variations therein will

be apparent to those skilled in the art.

EXAMPLE 1

STEP 1

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

in a reaction flask containing 200 ml of anhydrous

'tetrahydi‘ofuran saturated with acetylene and stirred at room

temperature. An 18 weight percent suspe}:rsion of sodium
acetylide in xylede/mineral oil (0.3 mole of sodium acetylide)
was added to the reaction flask and the mixture was stirred.
After stirring 16 hours at room temperature under a nitrogen
atmospl:zere, the contents of the reaction flask mixture was-
added to a 5 weight percent agqueous 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
and tetrahydrofuran, were removed und.e'r vacuum to yield an

oily product containing 1,1-bis(4-methoxyphenyl)-2-propyn-1-
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 1 and methyl,4-hydroxy-6-methoxry-

‘1-methyl-2-naphthoate (5 g, 0.022 mole) were added to a

reaction flask containing 200 ml of toluene and stirred.
E

A catalytic amount of p-toluene-sulfonic acid (about 100

milligrams) was added, and the mixture was stirred for 4

hours. Afterwards, the reaction .mixture was pogred into.

© a 10 weight percent sodium hydroxide solution. The

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 gel column and

a 1:3 mixture of chlofoform:hexane as the eluant. The
photochromic fraqtions were combined.and the eluent was
removed'under vacuum. The resulting prodiuct was induced
to crystallize from hexane. The recovered product. had a
melfing point of 132-133°C. A nuclear magnetic
resonance (NMR) spectrum showed the product to have a
structure consistent with 2,2-bis{(4-methoxyphenyl)-5-
methoxycarbonyl-6-methyl-9-methoxy-2H-naphtho [1,2-
blpyran. '
STEP 3

2,2-Bis (4-methoxyphenyl) -5-methoxycarbonyl-6-
methyl-9-methoxy- (2H] -naphtho(1,2-blpyran (1.7 g, 0.0034
mole) from Step 2 was dissolved in a reaction flask
containing 200 ml of tetrahydrofuran and stirred.
Lithium aluﬁinum hydride (0.13 g, 0.0034 mole) was
carefully added and the mixture was stirred for 2 hours
at 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
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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 removeg under
vacuum. The product was induced to crystallize froﬁ
diethyl ether and the crystals were collected by suction
filtration. 'The mecovered 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
cohsistent'. with 2,2-bis( 4-methoxyphenyl) -5-
hydroxymethyl-6-methyl-9-methoxy-2H-naphtho (1, 2-b]lpyran.

EXAMPLE 2
STEP 1 _.
Potassium t-butoxide (75 grams(g), 0.75 mole)
was added to a reaction flask containing 200 milliliters
(ml) of tolueme. The resulting slurry was heated to

reflux temperature under a nitrogen atmgsphere while a

"mixture of benzophenone (91 g, o.s'molé), dimethyl

succinate (90 g,'o.sz mole) and. toluene (100 §) was
added over a period of 30 minutes. After the addition,
the resulting pasty mixture was‘maintained at reflux
temper&ture for two hours and then céoled to room
temperaturé. About 400 ml of water was added and the
mixture was stirred for 30 minutes. The aqueous layer
was separated, acidified with dilute hydrochloric acid,
and extracted with 200 ml of toluene. The solvent was
remove¢'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

purified further but was used directly in the next step.
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STEP 2

The product of Step 1 was dissolved in a
reaction flask coneaining 200 ml of toluene. Acetic
anhydride (100 g) and anhydrous sodium acetate (15 g}
were added to the reaction flask and the mixture was .
refluxed for 17 hqgrs. The resulting mixture was cooled
to room temperature and the solvent was removed under
vacuum. Methylene chloride (200 ml) was added to the
reaction flask contalnlng the reésulting residue. Water
{200 ml) was ‘added to the reactlon ‘flask followed by the
slow addition of solid sodium carbonate until the
evolution of,carbon dioxide ceased. The methylene

chloride layer was separated, washed with water, and the

- solvent was removed under vacuum to yield a viscous oil

containing 1-acetoxy-3-methoxycarbonyl-4-
phenylnaphthalene.

STEP 3

Methanol (400 ml) was added to the reaction
flask contalnlng 1-acetoxy-3 -methoxycarbonyl 4-phenyl -
naphthalene from Step 2. Hydrochloric acid,
concentrated (2 ml) was added to the reaction flask and
the resulting mixture was heated to reflux temperature.
After 4 hours, the mixture was cooled to room
temperature, the solvent 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, 100 g,
had a melting point of 174-176C. .A nuclear magnetic
resonance (NMR} spectrum showed the pro@uct to have a_
Structure consistent with 4-phenyl-3-methoxycarbonyl-1-

naphthol.
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: STER.4

4-Phenyl-3-methoxycarbonyl-1-naphthol (2 q)
from Step 3 and 1,1-bis(4-methoxyphenyl)-2-propyn-1-ol
(2 g) from Step 1 of Example 1 were added to a reaction
flask containing %po ml of toluene and stirred. The
resulting mixture was heated to 40°C. and a catalytic
amount (a few drops) of dodecyl benzenesulfonic acid was
added, i.e., an amount sufficient to produce a deep red
color in the mixture. Aftér 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 2:1
hexane:ethyl acetate mixture as the eluant. The
photochromic fractions were collected and the solvent
was'removed'under vacuum. The resulting product (2.0 g)
was crystallizedlérom ﬁ hexane-ether mi;ture and
collected by suction filtration as off-white crystals.
The recovered product had a melting point of 168-1692L
A nuclggr magnetic resonance'(NMR) sgectrum.showed the
product_ﬁo have a structure consistent with 2,2-bis(4-
methoxyphenyl) -5-methoxycarbonyl-6-phenyl-2H-
naphtho (1,2~b]pyran.

STER 5
2,2-Bis (4-methoxyphenyl) -5-methoxycarbonyl-6-
phenyl-2H-naphtho(1,2-blpyran (10.0 g, 0.02 mole) from
Step 4 was dissolved in a reaction flask containing 300
ml of tetrahydrofuran. Lithium aluminum hydride (1.é_g,_
0.032 mole) was carefully added to the stirred solution

and the mixture heated to 40C. for 2-1/2 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 q;xture was
extracted with three 100 ml portions of diethyl ethgé.
The organic extracts were combined and dried over
magnesium sulfate., The solvent, diethyl ether, was _
removed under vacuum. The resulting residue was induced
to crystallize £roﬁ diethyl ether and the crystals were
collected by suction filtration. Three grams of the
-désired p;éduct was recovered. A nuclear magnetic
resonance (NMR) spectfum showed the product to have'a
structure consistent with 2,2-bis(4-methoxyphenyl)-5-
hydroxymwethyl-6-phenyl-2H-naphtho [1,2-b] pyran.

EXAMPLE 3

2,2-Bis(4-methoxyphenyl) -5-hydroxymethyl-6-
phenyl-2H-naphtho(1,2-blpyran (2.0 g, 0.004 mole) from
Step 4 of Example 2, was dissolved in a reaction flask
containing 200 ml of methylene chloride and 1.2
équiva&gn:s 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 rémoved by
filtration. The resﬁlting product was purified on a
silica gel column using chloroform as the eluant. The
photochromic fractions were collected and the solvent
was removed under vacuum. The recovered product, 0.2 g,
was induced to crystallize from diethyl ether. A
nuclear magnetic resonance (NMR) spectrum showed.the

product to have a structure consistent with 2,2-bis(4-
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methoxyphenyl) -5-acetoxymethyl-6-phenyl-2H-naphtho(1, 2~
blpyran.

EXAMPLE 4
STEPR 1
3-methoxycarbonyl-4-methyl-7-methoxy-1-
I .

naphthol (12 g) was added to a reaction flask containing

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

(S0 ml) . The mixture was heated on a steam bath for six
hours, cooled to ;r:odm temperature, and poui':ed into an
excess of cold dilute (approximately S weight 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-'é-methyl-'?-méthoxy—
l-naphthol. .

STER 2

_ 3-carboxy-4-methyl-7-methoxy-'1-naphthol (11
g) from Step 1 was added to a reaction flask containing
100 ml of methylene chloride. Triethyl amlne (10 g, 0.1
mole) was added with stirring. - The resulting exothermic
reaction mixture was cooled in an ice bath. Acetyl
chloride (4 g, 0.05 mole) was added dropwise while
maintaining the temperature at 5C. The mixture was
stirred a.n additional 15 minutes at 5C. 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) agqueous
hydrochloric acid. The precipitated product was suction
filtered from the two phase mixture, washed with fres-h_
methylene chloride, and dried to yielé. 11 g of the
desired product. A NMR spectrum showed the product to



- 10

15

20-

25

30

-37-

have a structure consistent with l-acetoxy-3-carboxy-4-

methyl-7-methoxynaphthalene.

STEP 3
l-acetoxy-3 -cé.rboxy—é-methyl- 7-

methoxynaphthalene ,(11 g) from Step 2 was added to a
reaction flask containing 20 ml .of -t:h.ionyl chloride and
the mixture was heated on a steam bath. After about 30
minutes, when HCI evolution was complete, the excess
thibnyl chloride was reitimied on a rotary evaporator to
vield the acid chloride as a solid. The product, 1-
acetoxy-3-chlorocarbonyl-4-methyl-7-methoxynaphthalene,

was not further purified but was used directly in the

" next step.

One-half of the l-acetoxy-3-chlorocarbonyl-4-
methyl-?-methoxynaphthaiene from Step 3 was added in
small portions to a reaction flask containing a mixture
of metgylene chloride (S0 ml), piperidine (4.25 g, 0.0S
mole} and triethyl amine (5 g, 0.05 mole). After
completing the. addition, an excess of cool dilute
(approximately 5 weight peré:ent:) aqueous hydrochloric
acid was added and the resulting solution was mixed.
The organic layer was separated, washed successively
with water, dilute aquéous sodium carbonate, and water.
The solvent, methylene chloride, was removed under
vacuum to yield the desired product as an oil. A NMR
spectrum showe& the product to have a structure
consistent wi th i- acetoxy-3-piperidinocarbonyl-4-methyl-

7-methoxynaphthalene.
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STEP S )

A mixture (200 ml) of methanol anq
concentrated hydrochloric acid (2 ml}) was added to a.
reaction flask containing l-acetoxy-3-
é;peridinocaxbonyl-g-methYI-7-méthoxynaphthalene from
Step 4. The rééulting reaction mixture was refluxed on
a steam bath for 2 hours. Afterwards, the mixture was
cooled to room temperature and poured into dilute
agqueous hydibchloric acid. The resulting precipitate
was suction filtered, washed with wﬁter, and dried to
vield 4.8 g of the desired product as tan crystals. A"

NMR spectrum showed the ‘product to have a structure

‘consistent with 3-piperidinocarbonyl-4-methyl-7-methoxy-

l-naphthol.

STER &
3-piperidinocarbonyi—4-methyl-l—methanyI-
naphthol (2.5 g) ffom Step 5 and 1-(2,3-dihydro$énzofur—
5-yl)—1-(4-methoxypﬁeny1)-2-propyn-1 -0l (2.5 g) were

radded to_a_reaction'flask contaiﬁing 100 ml of toluene

and stirred. The stirred mixture was heated to 507; and

‘a. few drops of dodecyl‘benzenesulfcnic acid were added- (

an amount sufficient to produce a deep red color).

After two hours, the reaction mixture was cooled to room
temperatﬁre and water was added. The organic layer was
washed with water and the solvent was removed on a
rotary evaporator. The resulting oil was purified using
a silica gel column and a 1:1 hexane:ethyl acetate
mixture as the €luant. 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 melting point
of 201-203C. A NMR spectrum showed the product to have
a structure consistent with 2- (4-met:hoxyphenyl)-2 (2 3- '
dlhydrobenzofuran- 5-yl)-5-p iperidinoc;rbonyl -6-methyl-9-
methoxy-2H-naphthp {1,2-b] pyran. |

EXAMPLE 5
BART 2 .
' Testing was done-with the photochromic naphthopyrans -
of the Examples incorporated into polyméric samples by the
following method. The quantity of naphthopyran calculated to
yield a 1.5 times 10™> molal solution was added to a flask
contaiﬁing 50 grams of & monomer -blend of 4 parts ethoxylated
bisphenol A.dimeﬁhacrylate {BPA 2EO DMA}, 1 part ﬁoly(ethylene
glypol) 600 dimethacrylate, and 0.033 weight percent 2,2'-
azobis(z-metﬁyl propionitrile) (AIBN). ’The naphthopyran was
dissolved into the monomer blend by stirring and gentle
heating, if necessary. .After a clear solutidn was obtairied,
it was poured into a flat sheet mold having the znterlor
dlmenszons 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 to increase the temperaéure from 40°C. to
95°C. o&er a S5 hour interval, hold the temperature at 95°C. for
3 hours and then loéer 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

(5.1 centimeters) test squares.

Part B
The photochromic test squares prepared in Part A

were tested for photochromic 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
about 15 minutes to bleach.or inactivate the photoch;omic
compounds. The t%st squares were then cooled to room
temperature, exposed to fluorescent room lighting for at least
2 houré and then kept covered for at least 2 hours prior to
testing on an optical bench maintained at 75°F (23.9°C). The
bench was fitted with a 150 watt Xenon arc lamp, a remote
controlled shutter, a copper sulfate bath acting as a heat
sink for the arc lamp, a Schott WG-320 mm cut-off filter which
removes shért wavelength radiation; neutral density filtér(é)
and a sample holder in which the square to be tested was
inserted.. A collimated beam of light frpﬁ a tungsten lamp was
passed through the square at a small angle normal to. the
square. After passing through the'sqﬁare; the.light from the
tungsten lamp was directed through a phé&opic filter attached
to a detector. The photopic filter passes wavelengths such
that the detector mimics the response of the human eye. The
output signals from the detector(s) were.processed by a
radiometer.

Change in optical density (AOD) was deterq;ned by
inserting a test square in the bleached state into the sample
holder, adjusting the transmittance scale to 100%, 6pe;ing the
shutter from the Xenon lamp to provide ultraviolet radiation
to change the test square from the bleached state to an
activated (i.e., darkened) state, measuring the transmittance
in the activated state, and calculating the change in optical
density according to the.formula A OD=log(100/%Ta) Qﬁere %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 photochromic compound's response to UV light, was measured

over the first five (5) seconds.of UV exposure, then expressed

"on a per minute basis. The saturation optical density (OD)

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

UV exposure was continued for 20 minutes for the examples in
Table 1. The lambda max reported in Table 1 is the wavelength
in the wvisible spectrum at which the maximum absorption of ‘the
activated (colored) form of the phoE;chromic compound in a
diethylene glycol bis(allyl cafﬁonate) composition occurs.

The Bleach Rate (T 1/2) is the time interval in seconds for
the absorbance of the activated form of the naphthopyran in
the test squares to reach one half the highest absorbance at

_room temperature (75°F, 23.9°C) after removal of the source of

activating light. Results for the Compounds of the Examples

~are tabulated in Table 1.

IABLE 1
EXAMPLE LAMEDA MAX AOD/MIN AoDe . Bleach
COMPOUNDS ~ (VISIBLE) SENSITIVITY SATURATION  (T1/2)
1 s20  0.38 0.42 303 sec
2 506 0.32 0.26 149 sec
3 508 0.33 0.25 109 sec
4 535 0.34 0.65S >800 sec

The results.of Table 1 show that the bleach
rate of 2H-naphtho(l,2-blpyrans is dramatically effected
by the nature of the S5-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 bave a high OD

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

coloration rate, i.e., sensitivity.

Although the present invention has-been describ;ed
with reference to the specific details of particular
embodiments thereof, it is not intended t}zat such details be
regarded as limitat’ions upon the scope of the invention

except. as and 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:
Ri

(R3) A

wherein,

(a) Ry is selected from the group consisting of
-CHzX and -C(0)Y, wherein X is halogen, hydroxir, benzoyloxy,

C1-Cg alkoxy, Cp-Cg acyloxy, amino,,C;-Cg mono-alkylamino, Ci-

' Cg dialkylamino, morpholino, piperidino, 1-indolinyl,

pyrrolidyl, trimethylsilyloxy, or the group, -OCH(Ri1)2, Y is
the group, -OCH(R11)Z, or an unsu.bstitu:ed, mono-substituted,

or di-substituted heterocyclic rmg selected from the group
cons:.st:.ng of 1-indolinyl, morpholino, p1per1d1no, 1-
pyrrqi_l}:t.dyl, l-imidazolidyl, 2-imidazolin-1-yl, pyrazolidyl,
pyrazolinyl and l-piperazinyl, wherein Z is -CN, -CFj3,
halogen, -C{O)}R33, or -COOR;3, Ryj and R;j; are hydrogen or
C1-Cg alkyl and Ry3 is hydrogen; said heterocyclic r;ng
substituents being selected from C;-Cg alkyl and C;-Cg alkoxy,

and said halogen being chloro or fluoro;

(b) Ry and each R3 are hydrogen, C;-Cg alkyl, C3-
C7 cycloalkyl, unsubstituted, mono-, di-, or tri._-subs_t:_i.tuted
phenyl, the group, -ORg, wherein Rg is hydrogen, (C;-Cg)alkyl,
phenyl (C1-C3)alkyl, mono-substituted phenyl(C;-Cj}alkyl,

(C1-Cg)alkoxy{(Cy-Cq)alkyl, C3-C5 cycloalkyl, mono (Cy -C4) alkyl
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substituted C3-Cq cycloal_kyi, C1-Cg haloalkyl, allyl, the
group, -CH(R7)W, wherein W is -CN, -CF3, halogen, -C(O)R7, or
-COOR7, wherein R is hydrogen, C;-Cg alkyl, or

(C1-Cg) alkoxy (C3-C4)alkyl, or Rg is the group, -C(O):r, wherein
T is hydrogen, C;-Cg alkyl, C;-Cg alkoxy, the substituted or-

unsubstituted aryf groups phenyl or naphthyl, phenoxy, cl-cs'

mono-or di-alkyl substituted phenoxy, Cj;-Cg mono-or ‘di-alkoxy

sqbstitut:ed, phenoxy, Cj1-C¢ monoalkylamino, phep.ylamino, C1-Cg .
mono-or di-alkyl substituted phenyla.miné, C1-Cg mono-or di-
alkoxy substituted phenylamino, each of said phenyl or
naphthyl substituents being C;-Cg alkyl, C;-Cg alkoxy or
halogen, each of said halogen or halo substituents: being
chloro or fluoro and n is selected from the integers 0, 1, 2,
and 3; and -

{c) B and B' are each selected from the group
consisting of: _ |

(1) the unsubstituted, momo-, di-, and tri-

substituted aryl groups phenyl and naphthyl; :

- (ii) the unsubst::.tuted, mono- and di-
substituted heterocyclic aromat::.c groups pyr:.dyl fu:r:a.nyl
benzofuran— 2-yl, benzofuran-3-yl, thienyl, benzoth:.en- -yl,
benzothien-3-yl,. dibenzothienyl, dibenzofuranyl, and-
carbazolyl, said aryl and heterocyclic subst:.tuents being

selected from the group consisting of hydroxy, amino, Cy-Cg

monoalkylamino, Cj-Cg dialkylamino, morpholino, piperidino, 1-

indolinyl, pyrrolidyl, 1-imidazolidyl, 2-imidazolin-1-yl, 2-
pyrazolidyl, pyrazolinyl, l-piperazinyl, C1-Cq alkyl, C1-Cg
haloalkyl, C1-Cg alkoxy, mono(Cj-Cg)alkoxy(Ci-C4)alkyl,

acryloxy, methacryloxy, and halogen, said h.a.logen or (halo)

group being fluoro or chloro;

-
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(iii) the éroups represented by the following

graphic formulae:

. D><R9 - Rg
\\1;;::]::3 Rio E::[:R
(Ra)m (Ra)m 10

wherein D is carbon or oxygen and E is oxygen or substituted
nitrogen, provided that when E is substituted nitrogen, D is
carbon, said nitrogen substituent being selécted from the
group consisting of hydfogen, C;-Cg alkyl, and C3-Cg acyl:
each Rg is C;1-Cg alkyl, C;-Cg alkoxy, hydroxy, chloro or
fluoro; Rg and Rjg éré'eac§ hydrogen or C;-Cg alkyl; and m is
the integer 0, 1, or 2;

(iv) C;-Cg alkyl, C3-Cg baloalkyl, C;-Cg
alkoxy(C1-C4)alkyl, C3-Cg cycloalkyl, mono(Cy-Cg)
alkoxy (é3 -Cg) cycloalgkyl , mono (Cy1-Cg) al]q;l' (C3-Cg) cycloalkyl,
and h;lé(c3-C5)cycloa1kyl, said halo groups being fluoro .ox
chlorg; and

-

(v) the group represented by the following

graphic-formula:

\\c__ A
TN
U v

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

the unsubstituted, mono-, and di-substituted members of the
group consisting of naphthyl, phenyl, furanyl, and thienyl,
wherein the substituents for each member of said group are

C1~-C4 alkyl, C;-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-Cj,
spiro-monocyclic hydrocarbon rings, sat:urat.'ed c7-C12' spiro-
bicyclic hydroca_mrbop rings, and sat_urated C7-C33 spiro-
tricyclic hydrogarbon rings, said fluoren-9-ylidene
substitué.ni:s being selected from the group consisting of
Cy-C4 alkyl, C1-C4 alkoxy, fluoro .and chloro.

2. The naphthopyran of claim 1 wherein:

(a) Ry is selected from the group consisting
of -CHaX and -C(Q)Y¥, wherein X is hydroxy, C;-C4 alkoxy, or
C-C4 acyloxy, Y is the group, -OCH(R;1)Z, or an unsubstituted

or mono-substituted heterocyclic ring selected from the group:
consisting of 1-indolinyl, wmorpholino, piperidino, and 1-

pyrrolidyl, wherein Z is -CN, -C(O)Rjy, or -COOR13, Ry; and

Ryy are hydrogen or C;-C4 alkyl and Ryj3 is hydrogen; said

- heterocyclic ring substituents being selected from C;-C4; alkyl

and C3-C4 alkoxy: .

. (b) Ry and each R3 are hydrogen, C1-C4 alkyl,
unsubstituted, mono-, di-, or tri-substituted phenyl, the
group, -ORg, wherein Ré is C1-C4 alkyl or the group, )

CH(R7)W, wherein W is -COORq, and Ry is hydrogen or Cy-Cg4
alkyl, said phenyl substituents being C;-C4 alkyl, C;-C4
alkoxy 6r -fluoro and n is selected from the integers 0, 1, and
2; and '

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

consisting of:

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

substituted phenyl;
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(ii) the unsubstituted, mono- and di-
substituted heterocyclic aromatic groups pyridyl, furanyl,
benzofuran-2-yl, benzofuran-3-yl, thienyl, benzothien-2-y1,
benzothien-3-yl, dibenzothienyl, dibenzofuéanyl, and
carbazolyl, each of said phenyl and heterocyclic substituents
being Selected'fqpm the group consisting of morpholino,
piperidino, C;-C4 alkyl, C;-C4 alkoxy, and halogen, said
halogen or (halo) group being fluoro or chloro;

_ . (iii) the groups represented by the
fdllowing graphic formula:

E Rio .

(Rg)

wherein D is carbon and E is oxygen; each Rg is 'C1-C4 alkyl,
C1-C4 alkoxy, hydroxy, or halogen, said,hélogen being chloro
or fluoro; Rg and Rjg are each hydrogen or C;-C4 alkyl; and m
is the integer 0, 1, or 2; -

(iv) Cy-C4 alkyl, C1-Cg
alkoxy(Cy-Cqlalkyl, and C3-Cg cycloalkyl; and

(v} the group represented by the

following graphic formula:

\\c__ /
o=

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

substituted phenyl, said phenyl substituent being Ciié4

alkyl, C;-C4 alkoxy, or fluoro; 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-Cg
spiro-monocyclic hydrocarbon rings, saturated C7-c16 spiro-
bicyclic-hydrocarbon rings, and saturated C;-C;q spiro-

tricyclic hydrocarbon rings.

3. The naphthopy:én of claim 2 wherein:

(a) Ry is the é’roup, -CHyX, or -C(O)Y,’
wherein X is hydroxy, C;-C4 alkoxy, .or Cy-Cq4 acyloxy-énd Y is
an unsubstituted or mono-substituted heterocyclic ring
selected from the group consisting of 1-indolin_yi, morpholino,
and piperidino; -. '

(b) ~ Ry and each R3 are hydrogen, C;-Cy alkyl,

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

_group, -ORg, wherein Rg is C1-Co alkyl or the group,

;CI{(R7)W, wherein W is -COORy, and Rq i; C1-C2 alkyl, said
phenyl substituents being C3-Cp alkyl, C;-C; alkoxy or fluoro,
and n_is selected from the iﬁteg’ers 0, 1, and 2; and
(c}) B and B! :are each selected from the group
consisting of: ' |
_ (1} unsubstituted, mono-, and-di-
substituted phenyl; .

(ii) the unsubstituted, mono- and di-
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,
Cy1-Cy alkyl, and Cy-C, alkoxy; and
' (iii) the groups represented by the

following graphic formula:
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wherein D-is carbon and E is oxygen; each ég is C;1-C; alkyl,
C1-C3. alkoxy or fl&oro; Rg -and Rjg ‘are each hydrogen 6_r cl-éz .
alkyl; and m is the integer 0, 1, or 2; or
{iv) B and B' taken together form fluoren-9-
-

yl:.dene, bomylz.dene, norbornylidene, bicyclo(3.3.1]nonan-9-
ylidene or adamantylidene.

4.  The naphthopyran of claim 3 wherein R; is

: hydroxytp'ethyl, dcetoxymethyl, morpholinocarbonyl, or

piperidinocarbonyl; R, and each Ry are hydrdégen, phenyl,
methoxy, methyl or.- fluoro; and B and B" are each phenyl,
methoxy substituted phenyl, morpholino sybstituted phényl,
@.i.ben.zofuran-z-yl_, or 2, 3édii1ydrobenzofuran-5-yl .

5. A naphthopyran compound selected from the
group consisting of: ..

(a) " 2,2-bis( 4-methoxyphény1) -5-hydroxymethyl-

6-methyl-9-methoxy~2H-naphtho [1,2-b]pyran; '

(b) 2,2-bis(4-methoxyphenyl)-S -hydroxymethyl-

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

(c) 2,2-bis(4-methoxyphenyl) -5-acetoxymethyl-
6 -pﬁenyl-ZH-naphtho (1,2-blpyran;

(@) 2- '(4-methoxyph:enyl) -2-(2,3-
dihydrobenzofuran-5-yl) -5-piperidinocarbonyl-6-me thyl-9-
methoxy-2H-naphtho [1,2-b] pyran;

(e) 2,2-bis(4-methoxyphenyl) -5-hydroxymethyl-
6 -methoxy-2H-naphtho (1,2-b]l pyran;

This Sheet Has Been Re placed
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(£) 2,2-diphenyl-S-methoxymethyl-6é-methoxy-
2H-naphtho (1,2-b]lpyran;
(g} 2,2-spiroadamantylene-S- a.cet:oxymethyl 6-

methoxy-2H-naphtho (1, 2-b]l pyran;
(hy 2, 2—b:.s( 4-methoxyphenyl) -5~

- trimethylsilyloxymethyl-6-methoxy-2H-napbtho(1,2-b]lpyran;

(i) 2-(4-methoxyphenyl)-2-t-butyl-s-
me thoxymethyl -6-phenyl -9-methoiy-2H-naphtho (1, 2-bl pyran; and
() 2- (4-m'et:hoxyphenyl) -2-(2,3-
d:.hydrobenzofuran S-yl) -Sochloromethyl-s—methyl-s-methoxy-za-
naphtho 1, z-bipyran )

§. A photochromic article couwprising a polymeric
organic h.ost: material and a photochromic amount of a
naphthopyra.n compound of claim 1.

7. ‘The phot:och.romc article of Claim & wherein
the polymeric organic host material is- selected from the g'roup
consisting of polyacrylates, polymethacrylates, poly( CI_‘:'CIZ
alkyl gxe'thacrylates) . polyoxy(alkylené methacrylates), poly
(alkm;ylated phenol methacrylates), cellulose acetate,
cellul'c;;e triacetate, cellulose acetate proﬁionat:e,_ cellulose
écet:ate butyrate, poly(vinyl acetate) , poly(vinyl alcohol},
poly(‘vinyl chloride), p‘oly (vinylidene chloride), thermoplastic
polyca.rbonatesf, polfest:er's, polyurethanes, poly(etﬁyiene
terephthalate}, polystyrene, poly(alpha methylstyrene),
copoly{styrene-methylmethacrylate), copoly(styrene- _
acrylonitrile}, polyvinylbutyré.l and polymers of members of
the group consisting of polyol(allyl carbonate} monomers,
poly.funct:ional acrylate monomers, polyfunctional met:h.a.crylat:e

monomers, diethylene glycol dimethacrylate monomers,



===

10

15

20

25

30

A

-51-

.diisopropenyl benzene monomers, alkoxylated polyhydric alcohol

acrylate monomers and diallylidene pentaerythritol monomers.

8. A photochromic article comprising a polym_e:ric
organic host material and a photochromic amount of a
naphthopyran. compound of claim 2.

+

9. The photochromic article of Claim 8 wherein
the polymeric organic host material is selected from the group
consisting : of polyacrylates, polymethacrylates, poly( C31-Cia
alkyl .methacrylates), polyoxy(alkylene methacrylates)}, poly
{alkoxylated phenol ﬁtethacrylates) ' cellulose-acetat:e,
cellulose triaéeta.te, .celluléase acetate propionate, cellulose
acetate bﬁ.tyrate, polﬁr(vinyl acetate), poly(vinyl alcohol},
poly(vinyl chloride), éoly (vinylidene chloride), thermoplastic
polycarbonates, polyesters, polyurethanes, poly(ethylene
térephthalate) , polystyrene, poly(alpha methylstyrene).,
copoly( styrene-methylmetﬁacrylatg) , copdly(styrene-
acryl_onitrile) . Dolyvinylbutyral and polymers of members __of
the group consisting of polyol(allyl carbonate) monomers,
polyf&hcti’onal acrylate monomers, polyfunctional methacrylate
monomers, diethylene glycol dimethacrylate monomers,
diisopropenyl benzene monomers, alkoxylated polyhydric g.lcohol

acrylate monomers and diallylidene penté.eryt:hritol monomers.

10. The photochromic article of Claim 9 wherein
the polymeric organic host material is a solid transparent
homopolymer or copolymer selected from the group comnsisting of
poly(methyl methacrylate), poly{ethylene glycol bis
methacrylate), _poly(ethoxylat:ed bisphenol A dimet:hacr-y-late) P
thermoplastic polycarbonate, poly(vinyl acetate),

polyvinylbutyral, polyurethane and polymers of members of the
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group consisting of diethylene glycol bis(allyl carbonate)
monomers, diethylene glycol dimethacrylate monomers,. )
diisopropenyl benzene monomers, and ethoxylated trimethylol

propane triacrylate monomers. = .

11. The photochromic article of Claim 10 wherein
the photochromic compound is present in an amount of from
about 0.05 to 1.0 milligram per squar:'e centimeter of organic -
host material surface to which the photochromc substance (s)

10 is incorporated or appl:.ed.

12. The photochromic article of Claim 11 wherein

the article is a lens.

15" 13. A photochromic ,article'oomprising a
photochromic amount of the naphthopyran compound of claim 3
and a polymeric organic host material selected from the group

. consist;ihg of poly(methyl methacrylate}, “poly(ethylene glycol
bis meéhacrylat:e) ‘ poly(ethoxylated_ bisphenol A .

20, dimethacrylate), thermoplastic polycarbonate, poly(vinyl .
acetaté), polyvinylbutyral, polyurethane and polymers of
membérs of the éroup consisting of diethylene glycol bis(allyl
carbonate) monowmers, diethylene glycol dimethacrylate
monomers, d:.:.sopropenyl benzene monomers, and ethoxylated

25 trimethylol propane triacrylate monomers.

14. A photochromic article comprising a
photochromic amount of. the naphthopyran con;pound of claim 4
and a polymeric organic host material selected from the group
30 comsisting of poly(methyl methacrylate), poly(ethylene glycol
bis methacrylate), poly{ethoxylated bisphenol A
dimethacrylate), thermoplastic polycarbonate, poly{vinyl
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acetate), polyvinylbutyral, polyurethane and polymers of
members of the grou§ consisting of diethylene glycol bis(allyl,
carbonate) monomers, diethy_lene glycol dimethacrylate
monomers, diisopropenyl benzene monomers, and ethoxylate&

trimethylol propane triacrylate monomers.

15. A photochromic article comprising, in
combination, a solid transparent polymeric or§anié host
material, and a photochromic: amount of each of (a) at least
one naphthopyran compourd of .claim 1, and (b) at least one
other organic photochrémic compound having at least cne
activated absorption maxima within the range of between about

400 and 700 nanometers.

16. The photochramic. article of Claim 15 wherein
the polymeric organic host material is selected from the group
consisting of polyacrylates, pélymethacrjrlates, poly{ C1-Cia
alkyl methacrylates), polyoxy{alkylene méthacrylat:es) + poly
{alkoxylated phenol meﬁhacrylat':es) . cellulose acetate,
cellulose triacetate, cellulose acetate propionate, cellulose
acet:at-:; butyrate, poly(vinyl acetate), poly(vinyl alcochol),
poly (viﬁyl' chloride), poly(vinylidene chloride), thermoplastic
polycarbonates, polyesteré, polyurethanes, poly(e,t:h.y}_.ene
terephthalate), polysi:yrene,- poly (alpha methylstyrené) ‘
copoly (styrene-methylmethacryla,te) . copoly(styrene-
acrylonitrile), polyvinylbutfral and polymers of members of
the group consisting of polyol{allyl carbonate} monomers,
polyfunctional aczylate- monomers, polyfunctional 'methacryl'ate
monomers, diethylene glycol dimethacrylate monomers,
diisopropenyl benzene monomers, alkoxylated polyhydric alcohol

acrylate monomers and diallylidene pentaerythritol monomers.
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17. The photiochromic article of claim 15 wherein
the organic photochromic compound (b} is selected from the
group consisting of:

(a) organic photochromic 's_ubsta.nces having at

. least one absorption maximum in the visible range of between

400 and lesé than 500 nanometers;

(b) organic photochromic substances having an '
absgorption maximum within t:he visible range of between about
400 and 500 nanometers and an absorption maximum witlun t:he
visible range of between 500 and 700 panoweters; and.

(¢} organic photochromic substances having“ an
activated absorption maxima in the visible range of greater
than 570 nanometers; and

(d) mixtures of sa:.d. organic photochromic

substances.

'18. The photochromic article of claim 17 wherein
the organic photochromic compound (b) is an organic
photochromc substances ha.v:.ng an act:.vated absorption max:.ma.

in the v1sxble range of greater than 570 nanometers

-

.

19. The photochromié article of Claim 16 wherein
the polymeric organic host material is a solid transpé.rent
h.omo'polymer or copolymer selected from the group consisting of
poly(methyl methacrylate), polyl{ethylene glycol bis
methaerylate), poly(ethoxylated bisphenol A dimethacrylate),
thermoplastic polycarbonate, poly(wvinyl acetate),
polyvinylbutyral, polyurethane and polymers of members of the
group consisting of diethylene glycol bis(allyl carbonate)
monomers, diethylene glycol dimethacrylate monomers, )
diisopropenyl benzene monomers, and ethoxylated trimethylol

propane triacrylate monomers.
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20. The photochromic article of claim 17 wherein
the organic photochromié compound, (b) is selected from the
group consisting of spiro(indoline)naphthoxagines, o
spiro (indoline) -pyridobenzoxazines, spiro (benzindolixie) pyrido-
benzoxazines, spiro(benzindoline)naphthoxazines,
spiro (benzindoline)lnaphthopyrans, spiro(indoline)benzoxazines,

spiro(indoline)benzopyrans, spiro{indoline)naphthopyrans,

_8piro(indoline)quinopyrans, spiro(indoline)pyrans, 3H:

napm:ho [2_"_,' i-blpyrans, 2H-phenanthro{4,3-blpyrans; 3H-
phenanthro(1,2-blpyrans; benzopyran compounds and mixtures of

such photochromic substances.



