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PHOTOCHROMIC NAPHTHOXAZINE COMEPQUNDS
E N EI T

The present invention relates to ocertain novel
spiro(indoline)naphthoxazine compounds. More particularly, this
invention relates to movel photochromic spiro(indoline)
naphthoxazine compounds, and to compcsitions and articles containing
such novel naphthoxazine compounds. When subjected to ultraviolet
irradiation, photochromie compounds becomé activated and change
light trensmission properties. Subsequently, activated rxeversible
photochromic compounds revert to their original coloxr or inactivated
state when the initial ultraviolet light source is removed.

The photochromism of certain spiro(indoline)naphthoxazine
compounds is well known and is disclosed, for example, in U.S.
Patent Nos. 3,562,172, 3,578,602, and 4,342,668. The compounds
degcribed in U.S. Patents 3,562,172 and 3,578,602 are naphthoxazine
derivatives with gubstituents on the indoline portion of the
molecule. U.S. Patent No. 4,342,668 describes naphthoxazine
derivatives with substituents on the 8' or 9' position, one of which
substituents is halogen or lower alkoxy - the other being hydrogen.
These compounds have been described as having enhanced
photocolorability, i.e., a relatively lafge change in optical .,
density between the activated and inactivated state,

The present invention relates to novel spiro(indoline)
naphthoxazines which have been found to have -improved
photocolorability and an unexpectedly higher absorption maxima than
the corresponding‘unsubstituted compounds. These compounds have
certain substituents on the 8' and 9' positions of the naphthoxazine

portion of the molecule.

DETAILED DESCRIPTION QF THE INVENTIQN
In recent years, photochromic plastic materials,
particularly plastic materials for optical applications, have been

the subject of considerable atteation. In particular, photochromie
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ophthalmic plastic lenses have been investigahed because of the

weight advantages they offer, vis-a-vis, glass lenses. Moreover,

photochromic transparenciles for veﬁicleq_such as cars énd:aifplanes

have been of interest because of the potential safety features that
5 such transparencies offer. .

Ideally, photochromic compounds used in optical
applications, such as conventional ophthalmic lenses, are thosge
which possess (a) a high quantum efficiency for coloring in the near
ultraviolet, (b) a low quantum yield for bleaching with white light

10 and (c) a relatively fast thermal fade at ambient temperature but
not so rapid a thermal fade rate that the combination of white light
bleaching and thermal fade prevent coloring by the ultraviolet
component of strong sunlight. '

In accordance with the present invention, certain novel

15 spiro(indoline)naphthoxazine compounds having a high quantum
efficiency for coloring in the near ultraviolet, improved
photocolorability and an acceptable rate of fade have been
discovered. These compounds may be graphicazlly represented by the
following graphic Formula I: '

20

25

(R

30

In graphic formula I, Ry may be a C;-Cg alkyl,
phen(Cy~Cy)alkyl, naphth(Cy-Cplalkyl, allyl, acrylyloxy(Co—Cglalkyl,’
methacrylyloxy(Cy-Cglalkyl, C;~C, acyloxy(C,-C¢)alkyl,

35 carboxy(Cy~Cqlalkyl, cyano(Cy-Cqlelkyl, hydroxy(C,~C¢ )alkyl, Cy~Cg
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alkoxy(Cy—Cy)alkyl or (CZHAO)m‘CH3, wherein m is an integer from 1
te 6. Preferably, R; is allyl, C;—Cy alkoxy(C,~C,)alkjl or C;-C,
alkyl, e.g., methyl, ethyl, propyl or butyl. Each Ry may be a Cy-Cq
alkyl, Cy~Cs alkoxy, nitro, cyano, C1—Cg alkoxycarbonyl._cl-04
acyloxy, halo, Cy-C, monohaloalkyl or C;-C, polyhaloalkyl.
Preferebly, R, is C)~C3 alkoxy, e.g., methsxy, ethoxy or propoxy, or
C1-C3 alkyl, e.g., methyl, ethyl ox propyl. The halogen end halo
substituents may be chloro, fluoro, iedo or bromo, preferably chloro
or fluoro, and n ié the integer 0, 1 or 2.

R3 and Ry may each be 01-05 alkyl, benzyl, phenyl, mono- or
di-substituted phenyl, said phenyl substituents being C;~Cg5 alkyl-or
C;-Cg alkoxy, or Ry and R, may together form a cyclic ring
containing from 5 to B carbon atoms which includes the spiro carbon
atom, norbornyl or adamantyl. Preferably, each R3 and R, is a C1~C3
alkyl, i.e., methyl, ethyl or propyl, or R; and R, may together form
a cyclic ring containing from 5 to 7 carbon atoms which includes the
spiro carbon atom. '

Rg is the group -C(0)X, vherein X is the group -ORy or
-N(Rg)Rg, wherein R; is selected from Cy-Cg alkyl, benzyl, Cy-Cg
alkyl substituted benzyl, Ci-Cq alkoxy substituted benzyl, C;—Cg
alkoxy(Cy~C,)alkyl, allyl, or €y=C¢ mono- or di- halcalkyl, e.g.,
chloro, fluors, bromo and iodoalkyl, particularly chloro- and
fluoroalkyl, and wherein Rg and Rg are each selected from hydrogen,
C3—Cg5 alkyl, C5-C; cyclolkyl, phenyl, and substituted phenyl, or Rg
and Rg may together with the nitrogen form a substituted or
unsubstituted heterocyclic ring having from 5 to 6 ring atoms, which
ring includes the nitrogen atom, and optionally one additional
hetero atom of nitrogen or oxygen, said phenyl and heterocyclic ring
substitutents being C;—Cg alkyl or C;~Cg alkoxy. Preferably Ry is
allyl oxr Cy-Cq4 alkyl, e.g., methyl, ethyl, propyl, butyl, pentyl or
hexyl.

Rg is the group, —0-Y¥, wherein Y may be hydrogen, Cl'CG
alkyl, benzyl, C1—C5 alkyl substituted benzyl, C1—06 alkoxy
substituted benzyl, C1-Cg alkoxy (cz—ca)alkyl, C,-Cg baloalkyl,

e.g., chloro, fluoro, bromo or iodoalkyl, allyl or the group,

This Sheet Has Been Replaced

MR




10

15

20

oy

~C(0)Z, wherein Z is C;—Cg alkyl, phenyl, C;-Cq alkyl substituted
phenyl, Cy-C; alkoxy substituted phenyl, C;-C¢ alkoxy, phenoxy,
C1—C¢ elkyl substituted phenoxy, Cj-Cg alkoxy substituted phenoxy,
C;~C¢ alkylamino, phenylamino, C;-Cg alkyl substituted phenylam;no
or C;-C¢ alkoxy substituted phenylemino. Preferably Ry is the
group, 0-Y, wherein Y is hydrogem, C;—Cq aléyl or the group, ~C(0)Z,
vherein Z is C{~C; alkyl, e.g., methyl. As ﬁsed in the specification
and claims herein, the term alkyl is intended to include linear and
branched alkyls.

Compounds represented by graphic formula I may be prepared
by esterification of the carboxylic acid group of 3,7-dihydroxy- .
2-naphthoic acid using sodium bicarbonate and the corresponding Ry
halide, e.g., alkyl halide, such as methyl iodide, 3ia
dimethylformamide (DMF) followed by nitrosation using sodium nitrite
and acetic acid in methylene chloride to yield the corresponding
3,7-dihydroxy-8-nitroso naphthoate. To prepare the corresponding
amide, the ester may be reacted with the appropriate primary or
secondary amine or ammonia followed by nitrosation as describéd
above. Condensation of this material with a Fisher's Base, as shown
in the following equation, produces the corresponding
spiro(indoline)naphthoxazine. This naphthoxazine may be subjected
to further reactions, such as alkylation or acylation, to produce

the desired R substituent at the 8' position.
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Ho

On irradiation of the compounds of graphic formula I with
uvltraviolet light, the naphthoxazine ring is reported to open
reversibly at the carbon-oxygen bond between the spiro carbon atom and
the ring oxygen. The formation of the open form of the colorless
compound is believed to.be responsible for the coloring observed on
expogure to ultraviolet light. It is also believed that the extension
of the chromophore by the claimed substituents onm the 8' and 9'
positions may be responsible for the improved photocolorability and
the bathochromic shift in the UV spectrum relative to the
naphthoxazine compounds disclosed in U.S. Patent No. 4,342,668. The
colored form of the photochromic compounds of graphic formula I fade
to the colorless state at normal ambient temperatures when the

ultraviolet light source is removed.
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Compounds represented by graphic formula I may be used

alone or in combination with other photochromic compounds in those

applications in which orgamic photochromic substances may be

employed, such as optlceal lenges, e.g.,mophthalmic and pianéﬁlenses,

5 face shields, goggles, visors, camera lenses, windows, automotive

windshields, aircraft and automotive transparencies, e.g., I-roofs,

sidelights and backlightg, plastic films and sheets, novelty items,

e.g.s toys and posters, textiles and coatings, e.g., coating

compositions such as paints, and verification marks on security

10 documents, e.g., documents such as banknotes, passports and drivers'

15

20

25
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licenses for which authentication or verification of authenticity-

may be desired. Naphthoxazines represented by graphic formula I

exhibit ecolor changes from colorless to colors ranging from green to

blue.

Examples of particularly contemplated naphthoxazines are

the following:

(1)

(2)

3)

(&)

(5)

(6)

(7)

1,3,3,4,5( oxr 1,3,3,5,6;)-?entamethyl—9‘—methoxy-
carbonyl-8'-hydroxy-spiro{indoline-2,3'~[3HInaphth(2,1-b]-
[1,4]oxazine]

1-propy1-3,3,4,5(0ox 3,3,5,6)~tetramethyl-9'-methoxy-
carbonyl-8'=hydroxy-spire[indoline-2,3‘~[3H]naphth(2,1-b]~
[1,4)oxazine] .

1,3,3,4,5( or 1,3,3,5,6,)-pentanethyl-9 "' -methoxy-
carbonyl-%';methoxy-spiro[indoline—Z,B'—[BH]naphth[Z,l-b]-
[1,4] oxazinel

l-propyl-3,3,4,5(or 3,3,5,6)-tetramethyl-9'-methoxy-
cérbonyl-s'-methoxy—spiro[indqline—2,3'—[SH]naphth[Z,l-b]-
{1,4]oxazine]

1,3,3,4,5( or 1,3,3,5,6,)-pentamethyl-9 ' ~methoxy-
carbonyl—&'-acetoxy—spiro[indoline-2,3'—[3H]naph§h[2,1—b]-
[1,4) oxazine]
l-propyl-3-ethyl-3-methyl=-9'~-methoxycarbonyl-8'-acetoxy-
spiro{indoline~2,3'-[3H])naphth[2,1-b][1,4] oxazine)
1—propy1—3,3-dimethy1—5—me:hoxy—9‘-methoiycarbonyl—B'—
acetoxy-spirolindoline-2,3'-[3HInaphth[2,1-b][1,4]oxazine]
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(8) 1l-propyl-3,3,4,5(or 3,3,5,6)-tetramethyl—-9'-methoxy-
carbonyl-8'-acetoxy-spiro{indoline-2,3'~[3H]naphth{2,1-b]~
(1,4]oxazine] ) -

(9) 1-methoxyethy1-3,3~dimethy1—9‘:allyloxycarbcnil;S'Q'
benzoyloxy-spiro[indoline-2,3'—(BH}naphth[Z,l-b][1,&]-
oxazine) ' ‘

(10) 1-allyl-3,3-spirocyclohexyl-9'-benzyloxycarbonyl=-8"'-
chloroacetoxy-spiro{indoline-2,3'-(3H]lnaphth[2,1-b][1,4])-

oxazine)

Commercially available photoreactive inorganic glass lenses
containing silver halide particles darken to a neutral color, such
as gray or brown, in unfiltered sunlight. In order to duplicate
this color change in a plastic lens using the organic photochromic
naphthoxazines of graphic formula X, it is contemplated that such
naphthoxazines be used in combination with other appropriate
complementary organic photochromic materials so that together they
produce the desired gray or brown color shade when the plastic lens
containing such photochromic materials is exposed to ultraviolet
light. '

For example, a compound which colors to yellow may be
blended with a compound that colors to aen appropriate purple to
produce a brown shade. Similaxly, a compound which is oraange in its
colored state will produce a shade of pgray when used in conjunction
with an apéroyriate blue coloring compound. A4lso contemplated is
the use of various combinations of photochromic compounds that color
orange, yellow, blue, and purple with naphthoxazine compounds of
graphic formula I to produce the desired neutral c¢olor. U.S5. Patent
No. 4,968,454 describes how two (or more) organic photochromiec
substances can be combined to produce variable light transmittance
articles, such as ophthalmic lens.

The relative amounts of naphthoxazine compounds of graphie
formula I and other complementary organic photochromic compounds

used in combination will vary and depend in part upou the relative
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intensities of the coloxr of the activated species of such

compounds, aud the ultimate color desired. Generally, the weight

ratio of the aforedescribed naphthoxazine compound(s)-to- the other

complementary photochromic compound(s) will vary from about 1:3 to
5 sbout 3:1, e.g., between about 0.75:1 and dbout 2:1.

Particularly contemplated classes of complementary organic
photochromic compounds that may be used with the naphthoxazinee of
the present invention include: spiro(indoline)-type compounds such
as other spiro(indoline) naphthoxazines, spiro(benzindoline)naph—

10 thoxazines, spiro(indoline)pyridobenzoxazines, spiro(benzindoline)-
pyridobenzoxazines, spiro(indoline)naphthopyrans,
spiro(benzindoline)naphthopyrans, spiro(indoline)benzopyrans,
spiro(indoline)benzoxazines, spiro(benzindoline)benzoxazines,
chromenes, e.g., benzopyrans and naphthopyrans, metal dithizonate

15 compounds, fulgides or fulgimides and spiro(di)hydroindolizines.

More particularly, the contemplated classes of
complementary organic photochromic compounds include the
naphthopyran photochromic compounds disclosed in U.S. Patent No.
5,066,818, which color to yellow—orange when activated;

20 spiro(indoline)pyridobenzoxazine photochromic compounds described in
U.S. Patents 4,637,698 and 4,720,547; and spiro(indoline)
naphthoxazines described in U.S. Pateants 3,562,172, 3,578,602,
4,215,010 and 4,342,668, which are reported to color to blue when
activated. See the disclosure of U.S. Patent No. 5,066,818 from

25 column 6, line 30 to column 13, line 34, which may be incorporated
herein, for examples of the aforesaid spiro(indoline) type compounds.

Photochromic compounds of the present invention, mixtures
of such compounds with other photochromic compounds, or compositions
containing same (hereinafter “photochromic substances”) may be

30 applied to or incorporated into a host material by various methods
described in the art. Such methods include dissolving or-dispersing
the substance within the host material, e.g., imbibition of the
photochromic substance into the host material by immersion of the

host material in a hot solution of the photochromic substance or by
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thermal transfer; providing the photochromic substance as a
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separate layer between adjacent layers of the host material, e.g.,
as a part of a polymer film; and applying the photochromic substance
as part of a coating placed on the surface of the host material.

The term "imbibition" or "imbibe" is intended to mean and iuclude
permeation of the photochromic substance alene into the host
material, solvent assisted transfer absorption of the photochromic
substance into a porous polymer, vapor phase transfer, and cther
such transfer mechanisms.

The amount of photochromic substance or composition-—
containing same applied to or incorporated into a host materiasl 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 photochromic 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 substances. Typically, the

moxre compound applied or incorporated, the greater is’ the color

.intensity. Generally, the amount of each photochromie substance

incorporated into or applied to a photochromic optical host material
may range from about 0.15 to about 0.35 milligrams per square
centimeter of surface to which the photochromic substance(s) is
incorporated or applied.

Compatible (chemically and color-wise) tints, i.e., dyes,
may be applied to the host material to achieve a more aesthetic
result, for medical reasons, or for reasons of fashion. The
particular dye selected will vary and depend on the aforesaid need
and result to be achieved. In one embodiment, the dye may be
selected to complement the color resulting £rom the activated
photochromic substances, e.g., to achieve a more neutral color or
absorb a particular wavelength of incident light. Ia anoéher
embodiment, the dye may be selected to provide a desired hue to the
host matrix when the photochromic substences is in an inactivated

state.
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"The polymer host material will usually be transparent, but
may be translucent or even opaque. The pdélymer product meed only be
transparent to that portion of the electromagnetic spectrum, which
activates 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. Further, the resin 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. Preferably, the host material article is a
solid transparent or optically clear material.

Examples of 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, polymers, i.e., homopolymers and cbpolymers, of
polyfunctional acrylate monomers, polyacrylates,
poly(alkylacrylates) such as poly(methyi methacrylate), cellulose
acetate, cellulose triacetate, cellulose acetate propionate,
cellulose acetate butyrate, poly(vinyl acetate), poly(vinyl
alcohol), poly(vinyl chloride), poly(vinylidene chioride),
polyurethanes, polycarbonates, poly(ethylene terephthalate),
polystyrene, copoly(styrene-methylmethacrylate),
copoly(styrene-acrylonitrile), polyvinylbutyral and polymers, i.e.,
homopolymers and copolymers, of diallylidene pentaexrythritol,
particularly copolymers with polyol (allyl carbonate) monomers,
e.g., diethylene glycol bis(allyl carbonate), and acrylate
monomers. Blends of transparent polymers are also suitable as host
materials.

Preferably, the host material is am optically clear
polymerized organic material prepared from a polycarbonate resin,
such as the carbonate-linked resin derived from bisphenol A and
phosgene, which is sold under the trademark, LEXAN; a poly(methyl

methacrylate), such as the material sold under the trademark,
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PLEXIGLAS; polymerizates of a polyol(allyl carbonate) monomer,
especially diethylene glycol bis(allyl carbonate), which monomer is
sold under the trademark, CR-39, and polymefizates of copolymers of
a polyol (allyl carbonate), e.g., diethylene glycol bis(allyl
carbonate), with other copolymerizable monomeric materials, such as
copolymers with vinyl acetate, e.g., copolymers of from 80-90
percent diethylene glycol bis(allyl carbonate) and 10-20 percent
vinyl acetate, particularly 80-85 percent of the bis(allyl
carbonate) and 15-20 percent vinyl adetate, and copolymers with a
polyurethane having terminal diacrylate functionality, as described
in U.S. patents 4,360,653 and 4,994,208; cellulose propionate,
cellulose butyrate, cellulose acetate butyrate, polystyrene and
copolymers of gtyrene with methyl methacrylate, vinyl acetate and
acrylonitrile.

The present invention is more particularly described in the
following examples which are intended as illustrative only, since
numerous modifications and variations therein will be apparent to

those skilled in the art.

EXAMPLE 1
STEE 1

Sixty grams (0.3 mole) of 3,7~dihydroxy-2-naphthoic acid
and 42 grams (0.5 mole) of sodium bicarbonate were suspended with
stirring in 250 milliliters of dimethylformamide (DMF) in 2 500
milliliter round bottom flask eqﬁipped with a reflux condenser and
nitrogen pad. The mixture was warmed to 60°C and held there for 2
hours. Afterwards, the mixture was cooled to room temperature and
methyl iodide (57 grams, 0.4 mole) was added. The stirred reaction
was then gradually warmed to 70°C where it was kept for 2 hours.
Subsequently, the contents of the flask were poured into four
volumes of ice and water to precipitate the product. The resulting
yellow solid was suction filtered and washed with a sodium
bicarbonate solution in order to remove any unreacted starting

material. The yellow solid was next washed with water and air
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dried. High-performance liquid chromatographic (EPLC) analysis
revealed that the solid consisted of two.products. The yield of
methyl 3,7-dihydroxy-2-naphthoate, which contained a small amount of

methyl monohydroxy naphthoate, was 57 grams.

STEPR 2 ,

Methyl 3,7-dihydroxy-2-naphthoate (21.8 grams, 0.1 mole)
from Step 1 was suspended with stirring in 200 milliliters of.
methylene chloride containing 6 grams of acetic acid, The mixture
was cooled to 0°C. Eight grams of sodium nitrite, as an aqueous
solution, was added dropwise over a period of thirty minutes. The
mixture was stirred an additional 2 hours at 5°C and then vacuum
filtered. The resulting solid product was washed with methylene
chloride and then slurried in water. The solid was again suction
filtered and air dried untll a constant weight was obtained. The
resulting yield of methyl 3,7-dihydroxy-8-nitroso-2-naphthoate was

24 grams.

SIER 3

0.01 mole of 1,2,3,3,4,5(or 1,2,3,3,5,6)~hexamethyl
indolium iodide (Fisher's base precursor) in 100 milliliters of
chloroform was mixed with 100 milliliters of a 10 weight percent
aqueous sodium hydroxide solution and the two phase system stirred
vigorously for 15 minutes. At this point the chloroform layer was
separated and washed two times with water. 0.01 mole of product
prepared in Step 2 was added to the 0.0l mole of Fisher's base
solution in the washed chloroform layer. The mixture was stirred
and refluxed under nitrogen overnight. The resulting dark solution
was then cooled and passed through s silica plug contained in a
filtering funnel. The silica plug was washed with 50 milliliters of
chloroform. The filtrate and the washings were combined énd the
solvent wag removed by using a rotary evaporator. Addition of 20
milliliters of a 2:1 hexanelethyl acetate solution resulted in the
rapid crystallization of the product. The crystals were suction

filtered and washed with a small amount of fresh solvent.
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The recovered crystalline product (2.3 grams), hereinafter
designated the principal product of Example 1, melted at 221-222°C.,
was 94% pure, as determined by HPLC analysis, and had a puclear
magnetic resomance (NMR) spectrum that was consistent with the
product, 1,3,3,4,5(or 1,3,3,5,6,)-pentamethyl~9'~methoxycaxbonyl-

8’ -hydroxy-spiro[indoline~2,3'—~([3B]naphth{2y1-b](1,4]oxazine]. Of
particular note is that a diethylene glycol dimethyl ether solution
of the product had a slight yellow cast but changed to green when
irradiated with ultraviolet light. The solution returmed to its
original slightly colored condition after the ultraviolet light was
removed.

Additional products were prepared by using the
aforedescribed procedure with different Fisher's base precursors.
The melting point range (MPR) was determined for each product. The
resulting products and their MPR included the following:
1,3,3-trimethyl-9'-methoxyecarbonyl-8'-hydroxy-spiro[indoline-2,3'~[3
Hlnaphth[2,1-b){1,4]oxazine], MPR of 237-238°C; l—pfopyl—B-ethyl—
3-methyl-9'-methoxycarbonyl-8'-hydroxy-spiro(indoline~2,3'-[3H]-
naphth{2,1-b}[1,4] oxazine], MPR of 178-180°C; l~propyl-3,3-
dimethyl-5-methoxy=9'~methoxycarbonyl-8 ‘—hydroxy-spiro
[indoline~2,3'~[3H]lnaphth[2,1-b][1,4]oxazine}, MPR of 228-229°C; and
1-propyl-3,3,4,5(oxr 3,3,5,6)-tetramethyl-9‘-methoxycarbonyl~8"—~
hydroxy-spiro{indoline-2,3'=[3H]naphth{2,1-b](1,4]}oxazine], MPR of
197-199°C .

EXAMPLE 2

Two grams of the principal product of Example 1 were taken
up in 100 milliliters of reagent grade acetone. One and one-half
grams each of dimethyl sulfate and powdered potassium carbonate were
added to the acetone solution and the stirred mixture refluxed -
overnight under a nitrogen pad. The acetone was removed by using a
rotary evaporator and 50 milliliters each of water and methyleme
chloride was added. The mixture was stirred for 15 minutes to

destroy excess dimethyl sulfate. The methylene chloride layer was
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separated, washed once with water, and the solvent removed on a

rotary evaporator. The resulting residue was dissolved:in a small
amount of chloroform, placed on a silica colum and elqééd:with a
2;1 mixture of hexane:ethyl acetate. The photochromic fractions
were combined and the solvent was removed by ,using a rotary
evaﬁorator. The product began to precipitatg as yellow crystals
during the evaporation procedure. The crystals were collected by
vacuum filtration and'washed with a few milliliters of the
hexane:ethyl acetate mixture.

The recovered crystalline product (1.8 grams), hereinafter
designated the principal product of Example 2, melted at 218-220°C.,
was 97% pure as determined by HPLC analysis, and had a nuclear
magnetic resonance (NMR) spectrum that was consistent with the
product, 1,3,3,4,5( or 1,3,3,5,6,)~pentamethyl-9'-methoxycarbonyl—
8'—methoxy—spiro[indoline—z,B‘-[3H]naphth[2,1—b][l,hloxazine]. A
diethylene glycol dimethyl ether solution of the product was
colorless but changed to blue when irradiated with ultraviolet
light. The solution returned to its original colorless condition
after the ultraviolet light was removed.

Additional products were prepared by using the
aforedescribed procedure with products prepared in Example 1 from
different Fisher's base precursors. The melting point range (MPR)
was determined for each produét. The resulting producte and their
MPR included the following: 1,3,3-trimethyl-9'-methoxycarbonyl-8 '~
methoxy-spirolindoline~2,3'-[3H)naphth{2,1-b]1{1,4]oxazine], MPR of
213-215°C; l-propyl=-3-ethyl-3-methyl-9'-methoxyecarbonyl-8'~
methoxy-spire({indoline~2,3'-[3H)naphth{2,1-b][1,4] oxazine], MPR of
149-150°C; 1—propy1—3,3—dimechy1-5—methoxy-9'-methoxycarbonyl-s'—
methoxy-spiro{indoline~2,3'~[3H)naphth[2,1-b][1,4])0oxazine], MPR of
176-177°C; and l-propyl-3,3,4,5(or 3,3,5,6)-tetramethyl-9'-
methoxycarbonyl-8 ‘~methoxy-spiro(indoline-2, 3'-[3H]naphth({2,1-b]
[1,4]oxazine], MPR of 196-198°C.
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EXAMPLE 3
One and one-half grams of the principal product of Example

1 was dissolved in 75 milliliters of methylene chloridé along with 2

grams of triethylamine and 100 milligrams of dimethylaminc pyridine
5 (DMAP). Fifty milliliters of a 10 weight percent aqueoué sodium

hydroxide solution was added and the two ph&se mixture c¢ooled in an

ice bath. 1Ivo grams of acetyl chloride (an excess) was then:added

dropwise to the rapidly stirred mixture. After five minutes, TLC

analysis showed that a new (lower) photochromic spot had formed and

10 that the starting material was completely gone. The organic phase
was separated and washed twice with water followed by removal of the
methylene chloride using a rotary evaporator. The residual oil
readily crystallized. The crystalline product was broken into
pieces, washed with hexane, suction filtered and dried.

15 The recovered crystalline product (1.5 grams), hereinafter
designated the principal product of Example 3, melted at 175-178°C.,
was 98% pure as determined by HPLC analysis, and had a nuclear
magnetic resonance (NMR) spectrum that was consistent with the
producc, 1,3,3,4,5( or 1,3,3,5,6,)-pentamethyl-9'-methoxy—

20 carbonyl-8'-acetoxy-spiro(indoline~2,3'-[3H]naphth(2,1-b]~
[1,4)oxazine]. A diethylene glycol dimethyl ether solutiom of the
product was colorless but changed to blue when irradiated with
ultraviolet light. The solution returnmed to its original colorless
condition after the ultraviolet light was removed.

25 Additional products were prepared by using the
aforedescribed procedure with products prepared in Example 1 from
different Fisher's base precursors. The melting point range (MPR)
was determined for each product. The resulting products and their
MPR included the following: 1,3,3~trimethyl-9‘-methoxycarbonyl—

30 8'—acetoxy-spiro[indoline-2,3"~{3H]naphth(2,I-b}[1,4]Joxazine], MPR
of 165«166°C; 1-propyl-3—ethyl—3—methyl—9'-methoxycarbonyi—
8'-acetoxy—spiro[indoline~2,3'-[3H]lnaphth(2,1-b] [1,4] oxazine], MPR
of 114~116°C; l-propyl=-3,3-dimethyl-5-methoxy-9'-methoxycarbonyl-
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8'~acetoxy—-spiro[indoline-2,3'-[3Hlnaphth[2,1-b][1,4]oxazinel, MPR
of 140-141.5°C; and l-propyl-3,3,4,5(or- 3,3,5,6)=-tetramethyl—~

9 '-methoxycarbonyl-8 '~acetoxy=-spirolindoline~2,3"~[3H]naphth[2,1-b]-
(1,4]oxazine], MPR of 126-127°C. -

PLE &4

The principal products of Examples 1, 2 and 3 were
dissolved in diethylene glycol dimethyl ether. The conceptrations
of the resulting solutions were approximately 0.5 milligrams per
milliliter. Each solution was tested in a UV spectrophotometer to
determine itge lambda max. The lambda max reported'in Table 1 is the
wavelength in the ultraviolet range closest to the viaible spectrum
or in the threshold range, i.e., 390 to 410 nanometers, of the
visible spectrum, at which the maximum absoxrption and activation of
the photochromic compound occurs in diethylene glycol dimethyl
ether.

Comparative testing was conducted on the principle product
of Example 3 and certain photochromic compounds described in U.S.
Patents 4,342,668 and 4,637,698. These compounds were imbibed by
thermal transfer into test squares of a polymeric matrix prepared
from a diethylene glycol bis(allyl carbomate) composition by the
following procedure: Each photochromic compound was dissolved in
toluene to form a & weight percent solution of the compound. A
piece of No. & Whatman filter paper was saturated with the toluene
solution of the photochromic compound and allowed to air dry. The
dried filter paper was placed on one side of the polymer test
square, which meagsured 1/8 inch (0.3 centimeter) x 2 inch (5.1
centimeters) x 2 inch (5.1 centimeters). A piece of untreated
filter paper was placed on the éther side of the polymer test square
and the resulting sandwich placed between two plates of flat
aluminum metal plates. The entire assembly was then placed in a .
155°C. oven for a time sufficient to thermally transfer the
photochromic compound into the polymexr test square. Residence times

in the oven were adjusted to imbibe comparable amounts of the
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photochromic compounds in order to yield a comparable UV sbsorbance
at their lambda max. The imbibed test squares were washed with
acetone after removal from the oven. ) C

The imbibed polymer test squar;s were tested for ~-
photochromic response rates on an optical bgnch. The samples were
illuminated by & 150 watt Xenon lamp fitted with a copper sulfate
bath and a neutxal deusity filter at an intensity of about one sun.
A second beam of light provided by a filtered tumgsten lamp arranged
to pass through the semple area exposed by the UV source was used to
monitor changes in transmission of the sample over different
wavelength ranges in the visible region of the spectrum. The .
intensity of the monitoring beam after passing through the sample
was measured by means of an IL-1500 radiometer equipped with a
silicon detector head and matching filters.

The A OD/min., which represents the sensitivity of the
photochromic compound's response to UV light, was measured using
photopic filters on the silicon detector. The response of the
filtered detector approximated the luminosity curve. The A OD 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. The lambda max reported
in Table 2 is the wavelength in the ultraviolet range closest to the
visible spectrum or in the threshold range, i.e., 390 to 410
nanometers, oflthe vigible spectrum at which the maximum absorption
and activation of the photochromic compound occurs in the polymer
matrix test squares.

The bleach rate T 1/2(sec.) is the time interval in seconds
for the absorbance of the activated form of the photochremic
compounds in the test polymer to reach one half the highest
absorbance at 25.7 £ 0.5 °C. after removal of the source of

activating light. Results are tabulated in Tables 1 and 2.
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TABLE 1
PRINCIPAL PRODUCT OF . LAMBDA MAX
Example 1 403 o
5 Example 2 ., 383
Example 3 : 374
TABLE 2
10
COMPOUND LAMBDA A OD/min. A OD @ BLEACH RATE
~SAMPLE MAX_ SENSITIVITY SATURATION T 1/2 (SEC.)
at 336 .15 0.11 70
15 B2 350 0.4k 0.36 69
c3 374 0.46 0.42 136
p 346 0.21 0.11 47
20 1. 1-propyl-3,3,5,6~tetramethyl-9'-methoxy-spiro{indoline~

2,3'=[3H]lnaphth{2,1-b][1,4])0oxazine]; cf. Example III of
U.5. Patent No. 4,342,668.

2. 1l-propyl-3,3,5,6~tetramethyl=-spiro[indoline-2,3"-[3H]pyrido~

[3,2-£)(1,4)benzoxazine]; c¢f. claim 2 of U.S. Patent No.
25 4,637,698,

3. 1l-propyl-3,3,;4,5(or 3,3,5,6)-tetramethyl-9'-methoxy~
carbonyl-8 ‘-acetoxy-spiro[indoline-2,3'-[3H])naphth(2,1l-b]-
[1,4)oxazine] (Example 3).

4. . l-propyl-3,3,4,5(or 3,3,5,6)—tetramethyl-spiro(indoline-

30 2,3'-[3H)naphth{2,1-b)[1,4]oxazine].

The results in Table 1 for the principle products of
Examples 1, 2 and 3 show the relatively high lambda max values of
35 the photochromic naphthoxazine compounds of the present invention
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compared to those of compound samples A, B and D of Table 2. The
results tabulated in Table 2 for compound G, the principal product
of Example 3, as compared to the other ébmpounds » show an improved
sensitivity, higher optical density at saturation, and.aﬁ aézéptable
bleach rate. Compound C also had an absorption maxima in the UV

spectrum unexpectedly higher than comp0undgiA, B and D.

Although the present invention has been described with
reference to the specific details of particular embodiments thereof,
it is not intended that such details be regarded upon the scope of
the invention excepE insofar as to the extent that they are included

in the accompanying claims.
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5 1. A naphthoxazine compound repregented by the following

graphic formula: :

10

(R2)n
15

20 whereins

(a) Ry is Cy-Cg alkyl, phen(Cy~Cj)alkyl, naphth
(Cy—Cylalkyl, allyl, acrylyloxy(C,-Cglalkyl,
methacrylyloxy(C,~Cqlalkyl, C1-C; acyloxy(C,~C¢)alkyl,

25 carboxy(C,-Cglelkyl, cyano(Cy-Cglalkyl, hydroxy(C,~Cglalkyl, C;—Cg
alkoxy(C,y~Cy)alkyl or (CoH,0),°CH3, wherein m is an integer from 1
to 63 .

(b) each R; is Cy—Cs alkyl, C;-Cs alkoxy, nitro, cyano,

C1—-Cg alkoxycarbonyl, C;~C, acyloxy, halo, C;-C, monohaloalkyl or
30 €{—-C, polyhaloalkyl;

(c) Ry and R, are each C;—Cs5 alkyl, benzyl, phenyl, mono-
or di-substituted phenyl, said phenyl substituents being Cy—Cg alkyl
or C1-Cq alkoxy, or Ry and R, taken together form a c¢yclic ring
containing from 5 to 8 carbon atoms which includes the spiro carxbon

35 atom, norboxnyl or adamantyl;
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(d) R is the group -C(0)X, X being -OR; or —N(RS)R9,
wherein Ry is allyl, Cj-Cg alkyl, benzyl, C1-Cg alkyl substituted
benzyl, Cy~Cg alkoxy substituted benzyl,_bl-cﬁ alkoxy(¢£-q;)a1ky1,
or Cy—C¢ haloalkyl, and wherein Rg and Ry are each selected Trom
hydrogen, Cy-Cg alkyl, Cg-C; cycloalkyl, phegyl and substituted
phenyl, or Rg and Rg together with the nitrogen form a substituted
or unsubstituted heterocyclic ring contaiming from 5 to 6 ring
atoms, which ring includes as the hetero atom said nitrogen atom
alone or one additiomal hetero atom of nitrogen or oxygen, said
phenyl and heterocyclic ring substituents being selected from C;—Cs
alkyl and Cy~Cq alkoxy;.

(e) Rg is the group; -0-Y, wherein Y is hydrogea, C;—Cq
alkyl, benzyl, C;—C¢ alkyl substituted benzyl, C;-Cg alkoxy
substituted benzyl, Cy-Cg alkoxy (C,-C,) alkyl, C;-Cg haloalkyl,
allyl or the group, -C(0)Z, wherein Z is C;-C; alkyl, phenyl, Cy1-C4
alkyl substituted phenyl, C;-Cg4 alkoxy substituted phenyl, C;-Cg
alkoxy, phenoxy, C;~Cq alkyl substituted phenoxy, C;-Cg alkoxy
substituted phenoxy, C;-Cg alkylamino, phenylamino, C;-Cg alkyl
substituted phenylamino, or C;-Cg alkoxy substituted phenylamino; and

(f) n is the integer 0, 1, or 2, said halo substituents

being chloro, fluoro, jiodo or bromo.

2. A naphthoxazine compound according to Claim 1, wherein
Ry is allyl, C;-Cj alkoxy(Cy-Cylalkyl or Cy-C, alkyl; Ry and R, are
each Cy-C3 alkyl or Ry and R, taken together form a cyclic ring
containing from 5 to 7 carbon atoms which includes the spiro carbon
atom; each R, is C;~C3 alkoxy or C;~C3 alkyl; X is the group, ~ORy,
wherein Ry is C;~C3 alkyl or allyl; and Y is hydrogen, C;—Cj alkyl
or the group, -C(0)Z, wherein Z is Cy~Cs3 alkyl.

3. A naphthoxazine compound according to Claim‘z, wherein
R; is methyl or propyl; each R, is methoxy or methyl; R3 and R, are
each methyl or ethyl; R; is methyl; and Z is methyl.
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4, A naphthoxazine compound wherein the compound is
(a) 1,3,3,4,5( or 1,3,3,5,6, )—pentamethyl-9'-methoxy—
carbonyl-8'-hydroxy-spiro[indoline-2,3'—[3H)naphth{2,1-b][1,4]-

oxazine);

(b) 1-propyl-3,3,4,5(or 3,3,5,6)-tetramethyl-9'-methoxy-—
carbonyl-8'-hydroxy-spiro[indoline-2,3'~[3Hinaphthl[2,1-b][1,4]-

oxazine];

(e) 1,3,3,4,5( or 1,3,3,5,6,)-pentamethyl~9‘-methoxy-
carbonyl-8'-methoxy-spiro[indoline~2,3'~{3H]Inaphth(2,1-b][1,4]

oxazine];

(d) l-propyl-3,3,4,5(or 3,3,5,6)-tetramethyl-9‘'-methoxy~-
carbonyl-8'-methoxy-spiro[indoline-2,3'~[3H]naphth{2,1-b][1,4])~

oxazine];

(e) 1,3,3,4,5(or 1,3,3,5,6,)=-pentamethyl=9"'=-methoxy~
carbonyl-8'-acetoxy-spiro(indoline-2,3'-[3H]lnaphth[2,1-b][1,4]~

oxazinel;

(f) l-propyl-=3-ethyl-3-methyl-9'-methoxy—

carbonyl-8'-acetoxy-spiro(indoline-2,3'~[3H]naphth[2,1-b]~

{1,4)oxazine];

(g) l-propyl-3,3-dimethyl=5-methoxy=-9'-methoxy-

carbonyl-8'-acetoxy-spiro[indoline~2,3'~(3H)naphth{2,1-b]-

[1,4)oxazine];

(h) 1-propyl-3,3,4,5(or 3,3,5,6)-tetramethyl—9'-methoxy—
carbonyl-8'-acetoxy-spiro[indoline-2,3'~[3H]naphth(2,1-b]-

[1,4]oxazine];
(1) 1l-methoxyethyl-3,3-dimethyl-9‘'-allyloxy-

carbonyl-8'-benzoyloxy—spiro{indoline-2,3'~[3H]naphth(2,1-b]~

[1,4)oxazine]; or

(j) 1-allyl-3,3-spirocyclohexyl-9'=benzyloxycarbonyl-

8 'chloroacetoxy-spiro[indoline~2,3'~[3H]naphth[2,1-b][1,4]oxazine].

IIII|||| |l|||l III|| ||||I |l |II|
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5- A photochromic article comprising an organic host
material and a photochromic amount of a naphthoxazine compound

represented by the following graphie formula.

wherein:

(a) Ry is C;-Cg alkyl, phen(Cy-C,)alkyl,
naphth(Cy~C,)alkyl, allyl, acrylyloxy(Co—C¢lalkyl,
methacrylyloxy(C,y~Cg)alkyl, C1-Cq acyloxy(Cy-C¢)lalkyl,
carboxy(Cy-C¢ )alkyl, cyano(Cy-Cglalkyl, hydroxy(C,~C¢)lalkyl, C1=Cg
alkoxy(cz—ch)alkyl or (Czﬁho)m'CHjs wherein m is an integer from 1l
to 6;

(b) each R, is C;—Cg alkyl, C;-Cg alkoxy, nitro, cyano,
C1-Cg alkoxycarbonyl, Cy-C, acyloxy, haio, C;-C;, monohalealkyl or
C1-C, polyhaloalkyl;

(¢) Rj3 and R, are each C;-C5 alkyl, benzyl, phenyl, mono-
or di-substituted phenyl, said phenyl substituents being C1~Cs5 alkyl
or C;-Cg alkoxy, or Ry and R, taken together form a cyclic ring
containing from 5 to 8 carbon atoms which includes the spiro caxbon
atom, norbornyl or adamantyl;

(d) Rs is the group -C(0)X, X being -OR; or -N(Rg)Rg,
wherein Ry is allyl, C1-C¢ alkyl, benzyl, C;-Cg alkyl substituted
benzyl, Cy-C¢ alkoxy substituted benzyl, Cy-Ce alkoxy(cz—ch)alkyl,

* [ L M S *
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or C;-Cg haloalkyl, and wherein Rg and Rg are each selected from

- 24 -

hydrogen, C;-Cg alkyl, C5—Cy cycloalkyl, phenyl and substituted
phenyl, or Rg and Rg together with the ﬁitrogen form a substituted
‘or unsubstituted heterocyclic ring confgining from 5 to 6 ring
5 atoms, which ring includes as the hetero atom said nitrogen atom
alone or one additional hetero atom of nitgogen or oxygen, said
phenyl and heterocyclic ring substituents Being selected from €1~Cs
alkyl and C,-Cg alkoxy;
(e) Rg is the group, —0-Y, wherein Y is hydrogen, C1—Cg
10 alkyl, benzyl, C1-Cq alkyl substituted benzyl, C1—C¢ alkoxy
substituted benzyl, C;=C; alkoxy (C5-C,) alkyl, C;-Cq haloalkyl,
allyl or the group, —C(0)Z, wherein Z is Cy-C¢ alkyl, phenyl, Cy~Cg
alkyl substituted phenyl, C1-C¢ alkoxy substituted phenyl, C1~C¢
alkoxy, phenoxy, C1-Cq alkyl substituted phemoxy, C;-Cg alkoxy
15 substituted phenoxy, C1-C¢ alkylamino, phenylamino, Cy—Cg alkyl
substituted phenylamino, or C;—Cg alkoxy substituted phenylamino; and
(f) n is the integer 0, 1, or 2, said halo substituents

being chloxro, fluoro, iodo or bromo.

20 6. The photochromic article of Claim 5 wherein the
organic host material is a polymer of polyol(allyl carbonate)
monomers, polyacrylates, poly(alkylacrylates), polyfunctional
acrylate monomers, cellulose acetate, cellulose triacetate,
cellulose acetate propionate, cellulose acetate butyrate, poly(vinyl

25 acetate), poly{vinyl alcohol), poi.y(vinyl chloride), poly(vinylidene
chloride), polycarbonate, polyurethane, poly(ethylene
terephthalate), polystyrene, copoly(styrene-methylmethacrylate),
.copoly(styreneracrylonitrile), polyvinylbutyral, or a polymer of
diallylidene pentaerythritol.

30

7.  The photochromic article of Claim 6 wherein R; is
allyl, C;—Cy alkoxy(Cy-Cy)alkyl or C;-C, alkyl; Ry and R, are each
C;—-C3 alkyl or Ry and R, taken together form a cyclic ring

containing from 5 to 7 carbon atoms which includes the spiro carbon
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atom; each R, is C1-03 alkoxy or C;~C3 alkyl; X is the group, —ORy,
wherein Ry is Cy~C3 alkyl or allyl; and Y is hydrogen,_clrc3 alkyl
or the group, ~C(0)Z, wherein Z is C;~Csz- alkyl. .-

8. The photochromic article of Claim 7 wherein R; is
wethyl or propyl; each R, is methoxy or methyl; R3 and R; are each
methyl or ethyl; Ry is methyl; and Z is methyl.

9. The photochromic article of Claim 8 wherein the
organic host material is a solid trénsparent homopolymer or
copolymer of diethylene glycol bis(allyl carbonate), poly
(4,4'dioxydiphenol=2,2~propane), poly(methylmethacrylate),
polyvinylbutyral or 2 polyurethane.

10. The photochromic article of Claim 9 wherein the
photochromic compound is present in an amount of from about 0.15 to
0.35 milligrams per square centimeter of organic host material

surface to which the photochromic substance(s) has been applied.

11. The photochromic article of Claim 10 wherein the

article is a lens.

12. A photochromic article comprising a solid trangparent
polymerized organic host material and a photochromic amount of each
of (a) a first photochromic substance wherein said first
photochromic substance is a spiro(indoline)naphthopyran,
spiro(indoline)benzopyran, spiro(indoline)pyridobenzoxazine,
spiro(indoline)benzoxazine or a chromene, and (b) a naphthoxazine

compound represeunted by the following graphic foxmula:

e
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15 wherein:

(a) Ry is C;~Cg alkyl, phen(C;-C,)alkyl,
naphth(Cy-Cy)alkyl, allyl, acrylyloxy(C,-Cglalkyl ,
methacrylyloxy(cz-06)alkyl, C;—Cq acyloxy(cz—CG)alkyl,

carboxy(C,-C¢)alkyl, cyano(Cy-Cqlalkyl, hydroxy(Cy-C¢lalkyl, Cy-Cq

20 alkoxy(cz-ch)alkyl or (CzﬂQO)m'CH3, wherein m is an integer from 1
to 6;

(b) each R, is C;~C5 alkyl, C1—Cg alkoxy, nitro, cyano, -
Cy~Cg alkoxycarbomyl, Cy-C, acyloxy, halo, Ci=C, monchaloalkyl or
Cy-Cy polyhaloalkyl;

25 (c) Rj and Ry, are each Cj—Cg alkyl, benzyl, phenyl, mono-
or di-substituted phemyl, said phenyl substituents being C;-Cs alkyl
or Cy~Cs5 alkoxy, or R3 and R, taken together form a cyclic ring
containing from S to 8 carbon atoms which imcludes the spiro carbon
atom, norbornyl or adamantyl;

30 (d) Ry is the group -C(0)X, X being -ORy or -N(Rg)Rg,
wherein Ry is allyl, Cy~Cg alkyl, benzyl, C;-Cg alkyl substituted
benzyl, C1-C, alkoxy substituted benzyl, €;-Cg alkoxy(cz—ca)alkyl,
or C;—-C¢ haloalkyl, and wherein Ré and Ry are each selected from
hydrogen, C;-Cs alkyl, Cg-Cy cycloalkyl, phenyl and substituted
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phenyl, or Rg and Rg together with the nitrogen form a substituted
or unsubstituted heterocyclic ring containing from 5 to 6 ring
atoms, which ring includes as the hetero atom said nitrogen atom
alone or one additional hetero atom of ﬁitrogen or oxigeﬁ, said
pheuyl and heterocyclic ring substituents being selected from Cy~Cs
alkyl and C1-Cg alkoxy; ‘

(e) Rg -is the group, =0-¥Y, wherein Y is hydrogen, C1~Cg
alkyl, benzyl, C1~Cg alkyl substituted benzyl, C1—C¢ alkoxy
substituted benzyl, C1—Cg alkoxy (02—04) alkyl, C;~Cg haloalkyl,
allyl or the group, -C(0)Z, wherein Z ig Ci{~C¢ alkyl, phemyl, C;-C¢
alkyl substituted phenyl, C;-Cg alkoxy substituted phenyl, C1—C¢ .
alkoxy, phenoxy, C;-Cg alkyl substituted phenoxy, Cy-Cg alkoxy
substituted phenoxy, C1—C¢ alkylamino, phenylamino, C1-C6 alkyl
substituted pheaylemino, or C;—Cg alkoxy substituted phenylamino; and

(£} n is the integer 0, 1, or 2, said halo substituents

being chlorxo, fluor¢, iodo or bromo.

13. The photochromic article of Claim 12 wherein the
organic host material is polymer of polyol(allyl carbonate)
monomers, polyacxylates, poly(alkylacrylates), polyfunctional
acrylate monomers, cellulose acetate, cellulose triacetate,
cellulose acetate propionate, cellulose acetate butyrate, poly(vinyl
acetate), poly(vinyl alecohol), poly(vinyl chloride), poly(vinylidene
chloride), polycarbonate, polyurethane, poly(ethylene
terephthalate), polystyrene, copoly(styrene-methylmethacrylate),
copoly(styrene-acrylonitrile), polyvinylbutyral, or a polymer of
diallylidene pentaerythritol.

14. The photochromic article of Claim 13 wherein R; is
allyl, C;-C3 alkoxy(Cy—C,lalkyl or C;—C3 alkyl; Ry and R, are each
Cy—C3 alkyl or R3 and R, taken together form a cyclic ring
containing from 3 to 7 carbon atoms which includes the spiro carbon
atom; each Ry is C;-C3 alkoxy or C;-Cz alkyl; X is the group, -0R7,
wherein Ry is €;~C3 alkyl or allyl; and Y is hydrogen, Cq-Cj alkyl
or the group, =C(0)Z, wherein Z is Cy;~Cq alkyl.
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methyl or propyl; each R, is methoxy or ‘methyl; R3 and Rj are each
methyl or ethyl; R, is methyl; and Z 1s.methy1. T e

16. The photochromic article of Claim 15 wherein the
organic host material is a solid transpareét homopolymer or
copolymer of diethylene glycol bis(allyl carbonate}, poly
(4,4'dioxydiphenol~2,2-propane), poly(methylmethacrylate),
polyvinylbutyral or a polyﬁrethane.

17. The photochromic article of Claim 16 wherein the total
photochromic substance is present in an amount of from about 0.15 to
0.35 milligrams per square centimeter of organic host material

surface to which the photochromic substance(s) has been applied.

18. The photochromic article of Claim 17 wherein the
weight ratios of the first photochromic substance ko the

naphthoxazine compound is from about 1:3 to about 3:1.

19. The photochromic article of Claim 18 wherein the

article is an ophthalmic lens.

LR



