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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

10 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.

15 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

20 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 .,

25 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

30 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,
35 particularly plastic materials for optical applications, have been

the subject of considerable atteation. In particular, photochromie



spi ro(i ndol i ne) napht hoxazi ne conpounds. More particularly, this I nvention
rel ates to novel photochrom c spiro(indoline) napht hoxazikne conpounds, .
and to conpositions and articles containing 10 such._novel naphtho azi ne
conpounds. When subjected to ultraviol et I rradidig iSeas; pIASt BRERNr
conpounds becone activated and change l'i ght fransnpemiappp propeyties.
Subsequent |y, activated reversible phot ochr o t to
their original color or inactivated =~ &tate when the initial ultraviolet
l'i ght source r,eno The photochrom sm of certain
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napht hoxazi ne erivat Ve st Ituents on the 1 mn portion of
the 20 nol edgVe beenf fogexgst mecauesqu the pobentdnl wemﬁﬁﬁh@@ztm

derivatives s%ﬁh;ﬁﬁ&)ﬁ:hﬁé{%ﬁt&fgp the 8" or 9' position, one of which
substituents is | ogen. or | ower al koxy - the dther bejng hydrogen.

These conpounds hav abh BB%R?FFBE‘&Cé?‘“h%Fﬁg“@mﬁhGBHL“
phot ocol or aRippiidatibnes. such ££|caﬁ¢éhﬂ¢hatladzml:hmaag&nlses PRireCelosgd density

bet ween t he tivated a i vat state. . The present
i nvention re?%f‘%@ °ﬁ)esﬁ05% r%g o?qaﬁg'ﬂ‘] F%}é}'gem" for coloring B Re Rl

ultraviolet, (b) a low guantum 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

(RZJn

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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napht:aoxazi nes..whi ch. .have been found to have inproved phot ocol orability
and an unexpectedly hi gher absorption maxi ma than -~ the corresponding
unsubstituted conpounds. These conpounds have 30 certain substituents on

the 8 and 9' positions of the naphthoxazine portion of the nol ecul e.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON n cent. yearss

phot ochrom ¢ plastic materials, 35 particularLy plia 22&4 £ alsgiir
optical applications, have been t he sgbject of consi att-eftion.

In particular, photochromc
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

5 acyloxy, halo, C;-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.

10 Ry and R, may each be Cj-C5 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

15 alkyl, i.e., methyl, ethyl or propyl, or R; and R, may togethexr 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

20 alkyl substituted benzyl, C;-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

25 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

30 allyl ox Cy1—Cq 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,

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

This Sheet Has Been Replaced

MR




ophthalmc plastic | enses have been investigated because wei ght

advant ages they offer, vis-a-vis, glass |lenses. Mreover, ° photochronc
transparencies for vehicles such as cars and airpl "“iﬁﬁﬁﬂ of

i nterest because of the potential safety features

transparencies offer. | deal |y, photochronic B din
opti cal applications, such as convqu[pnal opht h T T enses, are those

whi ch possess (a) a high quantumefficrency for coloring in the near

Ut ravTof elobh) AnbARAIPUTLYAL  Gleudh RGNS Bubifliteedd ST 10 and

(c) arelative Y ast therm erature but not so
rapi d a themea¥l« &gele atkoxy Hwbstitated Pbenyde i urCofrlkpPte PR§GKY: bl eachi ng

andl t hﬁr mal ¢t 3gle IRy e RBALIEQt &Y pRdhokY, tchecUbikoryi Albstitute@ipbenant, of strong
sunlight.

ovel 15 s B i HHRBHRIn ZHOHBRERT 0 -CoABTh A TEHY KRR ant um
5 or C;—Cg alkoxy substituted phenylamino. Pgeferably Rg 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.

10 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

15 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 described
above. Condensation of this material with a Fisher's Base, as shown

- .~ 20 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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efficiency for .coloring in the near ultraviolet, inproved

photocolorablllty and an-acceptable rate of fade have been di scovered.-
These conpounds nmay be graphically represented by the foll owi ng graphic
Forrmula 1: 20 [err]

Y 1*"1'.{ HAS BEEN
REPLACED

5
NO
10 : Ry
R OH
cedt
HO
Ri
15 :
. 20

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

25 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

30 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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30
phen(Cerr] -

acrylyloxy(Cerr]-

acyloxy(Cerr]-C6 )

hydr oxy(C err]

10
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- 1n
C[err])algk'yl, naphth(Cerr]-Cerr})al kyl, allyl,
- C6)

I

a
-C6)al kyl, Cerr]-Co6 i i W

raphic formula I, Rlerr] may be a (Jerr]-(err]

kyl, 35 carboxy(C2-Cerr])al kyl, cyano(Cz-S@m\p'
REPLACED

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,

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

documents, e.g., documedts such as banknotes, passports and drivers®

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)

1,3,3,64,5( ox 1,3,3,5,6,)-pentamethyl-9 ‘~methoxy-
carbonyl-8'-hydroxy-spiro[indoline-2, 3'—[3Hlnaphth[2 I-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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alkoxy(derr]-Cerr])alkyl or ((err]HA0)m CH3 wherein mis an integer
from1’ to 6. Preferably, Rerr] is allyl, (err]-C3
ai koxy('derr]-Jerr])al kyl or (Jerr].-Cerr] al kyl, e.g., nethyl, ethyl,
propyl or butyl. Each R err] may be a (Jerr]-Cerr] al kyl g[-err]-CS
al koxy, nitro, cyano, (err]-C8 al koxycar bonyl @[bebﬁguqie? r°] acyl oxy,
hal o, ([ err]-C4 nonohal oal kyl or C err] Jerr] lgol y hggroAGKDY | .

Preferably, Rerr] is (err]-Cerr] aFkoxy, e. §——tettToxXy, et hoxy or

pr opoxy, or er I t ropyl. The

hal ogen and hal g) {spugéﬁ th%’%fg%r 3% 9 6) F&&ayét?l?tfj Jrnélneam g or brono,
preferably chloro carépnﬂ-ﬁo-ragethurdsmrp(smtiwempn%,égeménapiltmz.zl-bh-o

R3 and Rlerr] may egp,m]ngéqrr] C5 al kyl, benzyl, phenyl, nono- or

di - substi tut ed sai d enyl subst.it S bel n rr err] al kyl
or Clerr]- (3 ﬁwthWe?@qaﬁé'ﬁW "?g(ﬁg’& FRP e3P AR éylcl |Cc[: r|]ng d

cont ai ni ngs f rom 5 tenBoylvkbeipias (dasoMheed) 3t FGHIdpathi2e1-a1i(L o )ear bon
atom norbornyl or % tyl. Preferably, each R3 and RA'is a (Jerr]-C3 15

al kyl, i.e., nmethyl; | or propyl, or R[er r] and err] may together
form a cycl i coi lrgllwm3a3ﬁmng°cwm§v1t-8 “begzrlosycaxbemtl it ch i ncl udes
the chloroacetoxy-spiro{indoline-2,3'-(3H]lnaphth[2,1-b][1,4])-
oxazine) |
10

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

15 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

e 20 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

25 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

30 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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spiro carbon atoem. Rlerr] is the group -C(0)X, wherein X is
the group,-OR[err] or ) : : e.g., nmethyl, ethyl, -
propyl,‘ butyl, pentyl or hexyl, -N(Rerr])Rerr], wherein R7 is selected
fromCerr]-Clerr] alkyl,/benzyl, Cerr]-Cerr] 20 al kyl substituted
benzyl, Cerr]-C6 al koxy substituted benzyl, Cerr]-C6.

al koxy(d err]-Cerr])al kyl, allyl, or C[err] C[err’ nono- or dizuhal oal kyl,
e.g., chloro, fluoro, bromp and iodoafkyl, par Jofv] eg{gw&%bl or o- {and
fluoroal kyl, and wherein R err] and R err] are eagh sel -eprfydr ogen,
Cerr]-G al IﬁMEeus%:.&?ofyﬁleO@&lheroﬁ tﬂ@%@i’iv’atédquédig§tdft Hﬁ&g phenyl, or

Rlerr] 25 and R err] %/to et with the nitrogen forma substltuted or
unsubst i t ut e¢oRRABABe PE | er PhHGPALR CARPYT FHFER -t SRR atRenEeieRtti ch

ring i PCl udegatite ofi tlfeogfu’reaiﬁfh.b@mdaﬂ{thbﬁ%ﬁ: )toxﬂmﬁndiﬁdi teé- cunalotnerhet ero
atom of nitraogen or gen, erocy |cr| )

subst i t ut ent §gﬁgeﬁ'§nﬁ r?et] ot PF‘T‘ 59?%““@@(;@[“3&?]“&6? Wk%‘?&)“ ﬁr &Per abl y
Rlerr] is 3Dahbltyl3:by eCfey bptw&nadbloyt 0.75:1 and dbout 2:1. Rlerr] is the group,

0-ve wherein ¥ Ty g RUAO0eon (LBT ik Agspertl bmphB0ENy Shal- OD

al kyl substituted benzy tute enz err]-Coe
al koxy (O] er Phoechrenicarampounds shat H\GB bpisgd | High the ﬂaPhthoxazmeB 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 substarces”) 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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35 e.g.,

chl oro,” fluoro, brono or iodoal kyL, aIIyL or t he group,

REPLACEMENT SHEET

-C(O)Z, "wherein Z'is Jerr]-C6 al kyl, phenyl, C[err]
Clerr]-C6 al koxy substituted phenyl, Cerr]
-C6 al kyl substituted phenoxy, (err]-C6 al koky su
-C6 al kyl am no, phenylam no, C[err]-C6 al kyl .

phenyl ,

derr]
derr]

10

15

20

25

30

C6_al kyl - '
152 \k&xzm\?pfﬁéﬁ% Y,

-9 -

thermal transfer; providing the photochromic substance as a

separate layer between adjacent layers of the host matefial, €.B.,
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 mnaked 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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5 or.(err]-C6 al koxy substituted phenylam no. Preferably R6 is the
group, -0-Y, wherein Y is™hydrogen, CJerr]-C3 al kyt~or the group, -C(O) Z,
wherein Z is ' err]-C3 alkyl, e.g., nethyl. As used in the specification
and clains herein, the termalkyl is intended to include |linear and

.....

branched al kyls. 10 Compounds represented by gra hlc—f%r‘@,&ﬂ | may
be prepared by esterification of the carboxylic a r‘q‘ggsaiﬁi 8

3, 7-di hydr oxy- 2-napht hoi c acid usi Eg _sodi um bi caibonat ﬁga,_mﬁf:@ he
correspondi ng R7 hal i de, e.g., alkytf~halide, such iodide, in

di met hyl f or mam de < A ' [N i ifrite 15 and
acetic acid in net h@é@%%@-@%ﬁl gzr‘\?%gg%/%%fl é??'%@égﬁeegﬁ%%gfg%m bd
3, 7- di hydr o%§¥ $entranglerenssirt ptan epadye. plepapbmeR oroducesgehdindy be  ani de,

the ester Miyak@arSACtEAnd phrifit FPREORIEAY LERY ¥p&trum, SMBEONMary amne
or ammoni a fol) owedégé nitrosatjon _as describe abo densati on of
|

e.
this materi 8F*3¥PERF RhqEqobzopies gubshancey fys - pFhph "Fﬁﬁi/?“GItP i ng equati on,
produces theloaviekpo{uli)night sHatrpxodudkse! theedpaiphédowAztihacsubsthhse

nepht hores | e T BocBtl SF A g, LA, TR RARe RCT 5 2K ot on
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

10 photochromic substance, i.e., 50 the change in coloxr 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 subetances or compositions deseribed herein include:

15 polymers, i.e., homopolymers and copolymers, of polyol(allyl
carbonate) monomers, polymers, i.e., homopolymers and cbpolymers, of
polyfunctional acrylate monomers, polyacrylates,

o poly(alkylacrylates) such as poly(methyi methacrylate), cellulose
.o acetate, cellulose triacetate, cellulose acetate propionate,

20 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.,

25 homopolymers and copolymers, of diallylideme 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.

30 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-B-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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On irradiation of the conpounds of graphic formula I with ul travi ol et
li:ght, -t he naphthoxazine ring is reported to open :reversibly at the .
car bon- oxygeh bond between the spiro carbon atom and the ring oxygen. The
formati on of the open formof the colorless 25 conpound;ts—believed to be
responsi bl e for the col oring observed on exposure to ITHﬁSaS'H&fITeHAg iBg G -
It is also believed that the extension of the chronmophore REpArgncl a
subs tituents on the 8 -and 9 posi tixsgns may be respons
i mproved photocol orability and the bathochromic shift in the UV spectrum
relative to the 30 Mapledkoreasd reyoabbownpoddets €R 0 gaang) , h&GeiRaftert NO.
4,342,668. The; f t y C o} phi c
formula | fa%gl@a&ghﬁ%lgd%{)iﬁéﬁagsggogﬁ %u??al-% n %%1 mggg?&e)%*? d?zeln%)ze%(?dres when
the ultrawasl 8% Pukmt ascigkemined by fBe pralysis, and had a nuclear

magnetic resomance (NMR) spectrum that was consistent with the

5 product, 1,3,3,4,5(0r 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

10 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

15 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-

20 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 .

25

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

30 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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- 6- Conmpounds represented by graphic formula | may be used
al'one or i‘n conbination with other photochronic coapounds in those
applications’in which organic photochrom c substances may be enpl oyed,
such as optical |enses, e.g., ophthalmc and piano | ens f-ace.shi el ds,
goggl es, visors, canera | enses, w ndows, autonotive ] H§rﬁl@Eﬁ§{ASaBE
and autonotive transparencies, e.g., T-roofs, si del i ght s aRBp|agefs! | ght
plastic films and sheets, novelty itemd4 =~ e.g., toys an '
and coati ngs, coat i ng conposi tions such as pai nts, and verlflcatlon

mar ks on seE‘iRaerg edpwaRhER G M1kl Ypter yaRs e foL §Efbth rSROVE4nRhét es,

passports apgkaiyi ev@pbrator. The resultihg residue was d1ssolved.xn a small
amount of chloroform, placed on a silica column and eluted with a

2;1 mixture of hexane:ethyl acetate. The photochromic fractions

5 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.

10 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—

15 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.

20 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 '~

25 methoxy-spirolindoline-2,3'-[3H)naphth[2,1~b][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

30 176-177°C; and l-propyl-3,3,4,5(or 3,3,5,6)-tetramethyi-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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| i censes.§or whith -aut hent i, (;at'i on or verification of authenticity. may

be desired. Naphthoxazines represented by graphi c -fermul a | exhi bi t
col or changes fromcolorless to colors ranging fromgreen to bl ue. 15
Exanpl es of particularly contenpl ated napht hoxazi nes are the foll ow ng:

(1) 1,3,3,4,5( or 1,3,3,5,6,)-pentanet hyl -9' - met hoxy-
car bonyl - 8' - hydr oxy-spiro[indoline-2,3 -[3H napht h[ 2, 1- b] -
[1, 4] oxazi ne] 20 (2) 1-propyl-3,3,4 5(or 3,3,5,6)-tletNausetiy HA9 BEEN

- met hoxy-

car bonyl - 8' - hydr oxy- spi ro[ i ndol i ne- 2, 3\\s napht h[ 2, 1- bl- REPLAGED '

[ 1, 4] oxazi ne] (3) 1,3,3,4,5¢( ,3,5,6,)- pent amet hyl - 9" - net hoxy-
car bonyl - 8' - met hoxyfspeprd onackailf neras - Mnmhpﬂ[ 2radug}- 612588111918

g134]5 g;(atzlatn!f]g?r; tdissolvéﬁ;léxt 15 WiQPMlﬂgzsgofl metRflene chlorideé along with 2

car bonyl - cﬂfy tE“ﬁltPﬂ[aF’h%laPﬁéoQ mi11igraps (p{pdimetbylamgne pyridine

[ 1, 4] oxazi ne(]nmp) m(:&)miu;ﬂ.tarél df(a Q0 deight, pirsan)t a@moamola!hm 9' - met hoxy-

30 hy%rox;r}lx soqutﬁ%eLQsX¥d§Q rat(l) itH Cl‘.l | n% sé mixLu:teﬂ etdhg.uz ’aln_ b] -
ice bath. 1Iwo 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; l-propyl-3-ethyl-3-methyl-9'-me thoxycarbonyi-—
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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[1,4] oxazine] - . (6)

| - propyl - 3- et hyl - 3-met hyl - 9" - met hoxycar bonyl - 8' - acetoxy- .
spi ro(indoli'ne-2, 3" -[3H naphth[2,-b][1,4] oxazi ne] (7)
| - propyl - 3, 3-di net hyl - 5- net hoxy- 9' - net hoxycar bonyl -8 - 35
acet oxy-spirof[indoline-2,3 -[3H napht h[-2, 1-b] [ 1, 4] oxazi ne] .
(8) [I-propyl-3,3,4,5(or 3,3,5 6)-tetranethyl-9'-nmethoxy j inio sniri hAS BEEN

- 16 - REPLACED

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

10 milliliter. Each solution was tested inm 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 visible spectrum
or in the threshold range, i.e., 390 to 410 nanometers, of the
visible spectrum, at which the maximum absoxrption and activation of

15 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

20 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

25 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

30 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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carbonyl - 8' - acet oxy- spi ro[i ndol i ne-2, 3" -[ 3H naphth[ 2, | - b] -
[ 1,4] oXxazi ne] . (9) ;

1- met hoxyet hyl - 3, 3-di met hyl -9' -al | yl oxycarbonyl -8' - 5

benzoyl oxy-spiro[indoline-2,3 -[3H naphth(2,!-b][1,4]- oxazi ne]
(10) 1-allyl-3,3-spirocycl ohexyl -9'-benzyl oxycar bonyl 8" mprrrs e e
chl or oacet oxy-spi ro[ i ndol i ne- 2, 3' -[ 3H] ni phth[2,1-b] [1,4 _THIS SHEET HaS BEEN
oxazi ne] 10 Cormerci ally avai'l abI e phot or eactli ve i HBIPL(MEDC

gl ass | enses cont ai ni n ver e

col or, such phomcg(ﬁ?“&fi s % o °ﬁg"tﬁwgfl reé‘ §°m§Fg§’ﬁ“Feﬁbl &
dupl i cate athibeic olapbda h\a:nge'l'hﬂ igbiledstest ¢ms35u3¢!r¢g"@mdoﬁgfétn| c

phot ochr om calgtdggp;gtlggxagnwﬁs £0dn gﬁ@p,bg,p formula |, it Ts contenplated
t hat such napht hoxazi nes be used in conbi nation W|th ther appropriate

conpl ement ary or gani BepHiBeth PIAReT HER3Er FWREES ¥e T AP B8t heT 't hey
produce thes (ﬂﬁswcﬁdoxﬂ.rcayes(pbnﬁr QH\I:Escadll @h aptacsl bbvah.t chepéaa@les: wieegg an
containing s 0 al s osed .t o Vi i ght .
For exarrplge lig{l"g@ %) gy n?‘i%"@%fé‘f”%‘"} 5”}%? ov?/ﬁrr%thb obbé’ ki fike :

bath and a neutral density filter at an 1nten51ty 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
10 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.
15 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
20 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
25 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
30 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 tsbulated in Tables 1 and 2.
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bl.ended with a conpound that colors to an appropriate purple to pr oduce

a-brown shade. . Simlarly, a conpound which is orange in its col ored
state Will produce a shade of gray when used in conjunction 25 with an '
appropriate blue coloring conpound. Also contenplated is t he use of
vari ous conbi nati ons of photochrom c conpounds that col or orange

| to produce the desired neutral col or.18U-S. Patent IHW

yel l ow, blue, and purple wth naphthoxazi ne conpounds of ..__.,-grap \%‘i%ﬁwl a
4
descri bes how two (or nore) organic photochrom c 30 subs ancesRﬁPh

combi ned to produce variable |ight trE8Bkilttance arti —Suc
opht hal m c | ens. The rel ative anounts of napht hoxazi ne
conmpounds of gr ic formula | and other co y organic
phot ochromic ¢ M@zl n conbi nati dn and depend in part
upon the rel ati ve&xample 1 403
5 Example 2 . 383
Example 3 : 374
TABLE 2
10
COMPOUND LAMBDA A OD/min. A 0D @ BLEACH RATE
~SAMPLE MAX_ SENSITIVITY SATURATION T 1/2 (SEC.)
e 336 0.15 0.11 70
15 B2 350 0.44 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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intensities of the color of the activated species of such conpounds, and
the ultimate color desired. Generally, the weight rati o of the -
af or edescri Bed napht hoxazi ne conpound(s) ‘to the other  conpl enentary

phot ochromi ¢ conpound(s) will vary fromabout 1:3 to 5 about 3:1, e.g.,
bet ween about 0.75:1 and about 2:1. Parti cu ?htﬁ L{ﬂ | ghq
cl asses of conpl enentary organic phngghronic conpouné %E ggge used
wi th the napht hoxazi nes of the present "invention incl

spi L?gl ndol i eeskpatrx@etoCMU%%oé d saﬁﬁle%bteﬁ SRl b ofel ‘ﬁﬁme' P€) The
na oxazi ne r enzip e xagzi nes

SpPI’O(I ndol i ﬁéﬁw Efg’ggﬁ*fgxﬁk QE %%r’rf?(“B%‘ﬁ‘ﬂ ’d&?‘? r?é)mc"pal product
pyri dobenzoxatiBxesples pi raay( cﬁmkeme):mi\phédhepwoammds, show an improved
spi ro(benzi ndol ;e NGPNEAIRRY 3P Pear SRIE 04y 20Ut N RENZ Y @ Ecceptable

5 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

10 the invention excepE insofar as to the extent that they are included

in the accompanying claims.
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spiro (i,ndoline)benzoxazi nes, spiro(benzindoline)benzoxazi nes,

chronenes, e.g., benzopyrans and napht hopyrans, netal dithizonate 15 -
conmpounds, - f-gi-des—or—fulgi-ni des and spi ro(di)hydroindoli zi nes.

Mor e partlcu¥@r§¥aHt ee ontenpl ated cl asses of . conplenentary organic
phot ochromi ¢ e the napht hopyran phot ochrom ¢ conpounds
di sclosed in lﬂ u . 5, 066, 818, which color to yellow orange
when activate dollne)pyrrdabenzoxa2|ne phot ochrom ¢ conpounds
described in U S. Patents 4,637,698 and 4, 720, 547, -+—Reek+Ae)

napht hoxazi nes described in U. S. Patents 3,562,172, 3]5W& 6HBET HASBEENH 010
and 4, 342,668, which are reported to color to que whén mgmAQHIed See

t he dlsclosu e.,0 U S. Patent No. 5,066,818 from 25 cotumm6—time~30"To
colum 13, &2 whi ch may be i ncorporated herein,- for exanpl es of
t he aforesald splro(lndoline) t ype conpounds. Phot ochrom ¢

conpounds @gf the presenty #(}‘éﬁ&@az?& c%%bﬂ&i& er%greaeﬂieds UG NerGOFPAURES, W th

ot her phot ochrom ¢ conpou or conposition contai ning same

(her ei naf t ereraphin derwdat ¢ substances”) may be:30 applied to or
incorporated into a host material by various nethods described in the
art. Such nethods include dissolving or dispersing the substance within
the host material, e.g., inbibition of the

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 C1—Cy 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;

(R



phot ochr,om ¢ substance-Tintothe host material by imersion of the
material in,a hay; gl e Riplkdde phot ochromi ¢ substance or ,by

thermal transfer; t phot ochrom ¢ substance as a separate
| ayer between adj H IH f the host material, e.g.,  -as-a part o
pol ymer film and I €' phot ochrom ¢ substance tHio oHECT Hay febi

10

15

20

25

30

a1 REPLACED

host

(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.

g

s
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as part of a~eetat~irn§r—plraeed on-the surface of the host material. 5 The term

"1 nbi bition" QL. Sﬁigeg‘ %eeans pf ended to mean and include perneati on of”

t he phot ocht oni m [| |one into the host mat eri al, sol vent

assi sted transf of the photochromc subst OOt
pol ymer, vapor , and ot her such transfer ﬂ@Shgﬁﬁqn’éAédﬁbEN
The anount of phot ochrom ¢ substance or conposition- clont ai MERLAGEAMe
applied to or incorporated into a host 2&aterial is not critical provided
that a sufficient anount is used to produce a _photochrom ¢ effect

di scerni bl e to the ‘raked Aeyaphypenezing cowpopah vhereimether spPRPUad e anpunt can

,3e dezcrl ]E);ad as a p@qt pquQmsqtmgmt3,5;65)Imtmhym-%emyné utsed
epends of ten upo nt ensi 0 u rgadi ation

t her eof and “&p ?ﬁ% ﬁ’é‘iﬁ‘?&ﬁ'ﬂ%ﬁéhf‘ °ﬁ“e%80r[5'g taf2 gg%“} E’ﬁ

phot ochr om @xszﬂn&ﬂances Typical ly, the nmore conpound applied or

| ncor porated, the grgat e 8o G4 3,3, s%;ee&&xethy@eamk?ﬁythe amount

of each phot ochrom |ncorpora ed In to a

phot ochr onmi cathsmiyéal’ —hmoxmperobmdolmmﬁraﬁ% b‘ﬂﬁé‘hﬁ%ﬁoﬁﬂle‘* S to about
0.35 mi|1igLaepi4egt square cent| meter of surface to V\/mch t he

hot ochromi ¢ subst ance(s ncor orated or
P (e) (1)3 3,4,5C or 1,3 ’p ? pentametgyi

carbonyl—s'—methoxy—splro[1nd011ne-2,3'-IBH]naphth[Z,l-b][1.4]
10 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])~

~methoxy-

oxazine];

(e) 1,3,3,4,5(or 1,3,3,5,6,)=-pentamethyl=9"'=-methoxy~

15 carbonyl-8'-acetoxy-spiro(indoline-2,3'=[3H]naphth[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];

20 (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]-

25 [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]l; or '

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

30 8'chloroacetoxy-spiro[indoline~2,3'~[3H]naphth[2,1-b][1,4]0xazine].

IIII|||| |l|||l III|| ||||I |l |II|



Conpati bl e (chen¥6a4+y-and—eeLeL“mnse) tints, i.e., dyes, 25 may be applied
to'the host naterngs |eve a nor e aesthetlc result, for nedical
reasons, or*for " The particul ar dye selected w il
vary and depend on need and result to be e
enbodi nent, the dy ected to conpl enent theTﬁgigkg?Fgﬁﬁtﬁﬁﬂ
fromthe actlvated 30 photochron1c subs hances, e.g., to achi eREPLA
neutral color or absorb a partlcular wavelength of irC|dent Ilght In
another ~embodi ment, Pﬁoeixeramx Bsef) Ealid ) B Qekder Angigs! red hue to
mc S

t he host matri x when hot ochr o |n an 1 nactivated
state. material and a photoc romic amount of a naphthoxazine compound

REPLACEI\/ENTréiHEEE'nted by the following graphic formula. )

5
10
15
wherein:
(a) Ry is C;-Cg alkyl, phen(Cy-C,)alkyl,
o naphth(Cy~C,)alkyl, allyl, acrylyloxy(Co—C¢lalkyl,

.- 20 methacrylyloxy(C,~Cg)alkyl, C1~Cy acyloxy(€,-Cg)alkyl,
carboxy(Cy-C¢ )alkyl, cyano(Cy-Cglalkyl, hydroxy(C,~C¢)lalkyl, C1=Cg
alkoxy(cz—ch)alkyl or (CZHAO)M'CH3, wherein m is an integer from 1l
to 6;

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

25 €;-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 cl-cs alkyl
or C;-Cg alkoxy, or Ry and R, taken together form a cyclic ring

30 containing from 5 to 8 carbon atoms which includes the spiro carbom
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 *



- 10 - ———————7he-potyrer host material will usually be transparent,
but _‘fray PRtk ANl BES ReniQlq €Ven opaque. The pol ymer product need only be
transparent t of the el ectromagnetic spect Lch
activates theﬂw ﬂ Eml l]substance, i.e., that wavel engHit GHEED HAS BEEN
ultraviolet ( produces the open form of the subgtml EEn and
that portion of the visible spectrumthgf includes the abserpt-+on

maxi nrum wavel ength of the substance in its UV activated form i.e., the

open form Furtdjet, HalGali§s] 'lnEQJh@{-ei%h@#Bﬁid takeeach SULLctlatrdnt NMasks the
col or of the a:ftlv%ted formqf the 10 Pofag rom ¢ substance, i.e., so the

0oC e
change in colB o8&y &atha §Lkvhs Ssplr SHE a?hep'bwzr% subgtifutedi y, the
host mat eri aphenylli cdreR} Snd Ry tegHthek witnshamdntogen fixin €adubytidutaq
material. - . ho s | C % he used with the
phot ochr om c’% uugg?%sntégge%rﬂc%?r%%%%ﬁ %tﬁtégngéﬁari ?}b%d\ﬁh%mr gi ggisncﬁﬁie:
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, C;—Cg alkyl substituted benzyl, C1-Cg alkoxy
substituted benzyl, C;=C; alkoxy (C5-C,) alkyl, C{-C4 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.

oo 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), poiy(vinyl chloride), poly(vinylidene
chloride), polycarbonate, polyurethane, poly(ethylene
terephthalate), polystyrene, copoly(styrene-methylmethacrylate),
copoly(styrene—acrylonitrile), 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

M




15 pol yners, ue_w—hgnppel—yn%lﬂs—and copol yners, of polyol (allyl _
carbonate) nonongr. FS hladed € 7 homopol ymers and copol ymers, of

pol yf unctiohal a s, poI yacryl at es, pol y(al kyl acryl at es)
such as poly(nmeth m‘m cel | ul ose acetate, cellulose ..
triacetate, cell u rop| onate, .20 cellul ose.acetate butystan
pol y(vinyl acetate), poly(vinyl al cohol ), poly(vin I“" :hoﬁéé {}_

pol y(vi nylidene chloride), pol yur eth#ines, pol ycarbdnat e
t erepht hal ate), ol ystyrene, copol y(styrene-nethyl nethacryl ate),
copol y(styre?fé‘“acﬁafgo‘f‘n ieiGefs aéb?VVP’nﬁbQﬂ ¢l Shdspdley geowp, +08%g,, 25
honopol yner ssha@eil Rp Oisy C%Qamyldéxalalw}." defey Q%nﬁﬁﬁ‘ﬁgé ,bi)—ctl alkyl

particul arly copol ynmers car bonat e e.g.,
di et hyl ene dly gg‘f %f’%‘i’al" %\éﬁ’é‘t éail" Y tat e mmorrer s. Bl ends of

t ransparent poI ynmers are al so suitable as host mat eri al s. =80
Preferablys the hosp. MaLRl isfbedchr@lcORGCRA! LY GibERY wndiBhy'Er§Zed organi o
materi al prepared froma p(? ycar bonat e Tesi n,

car bonat e- | i"fkBH CEsPTOPULY iepely szrmb\it@ph@ﬁomewlan@;; anghBs gemesachhi ch i s

sol d under tfe@nfT ddesmyk; Ei%mecﬁle%ﬁ(mgmgtm met hacryl ate), such as the
mat eri al sold under the tr demar k

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

15 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.

20 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
25 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



PLEXI GLAS; pol ymer.i zates of a polyol (allyl car bonat e) nononer, .
espeC|aIIy di et hyl ene gl‘ycol bis(allyl carbonate),  which nononer is sal d
under the ttademark, CR-39, and pol ynerizates of copolyners of a pol yol

(al'lyl carbonate), e.g., diethylene glycol bis(allyl §~earboa§tgk§nﬁﬁﬁm

ot her copolynerlzable nmononeric materials, such as ‘ REPLA vi nyl

~acetate, e.g., copolynmers of from 80-90
- 26 —

This Sheet Has Been Replace
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10

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) Rg 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 Rg and Ry are each selected from
hydrogen, C;-Cs alkyl, Cg-Cy cycloalkyl, phenyl and substituted

[T



per cent .di et hyl enme—gl-yeol-bis(allyl carbonate) and 10-20 percent vi nyl
aCetate, Jparticul k%m: -85 percent of the bis(allyl carbonate) and
15- 20 percent V|n cen cEfbpolyners with a 10 polyurethane

t erm nal dlacrylate , as descri bed

4, 360, 653 and 4, 99 e pr opi onat e,

ceIIquse acetate butyrate polystyrenezﬁnﬂ cop Iyner wth
met hyl nethacrylate, vinyl acetate and acrylonit

pr eselnt | %ephem, | & RpraadpEy ttbgdtihaf hiy e}l @R 6 i BRSEeh NEdchCa subfedthO¥d N
exanpl es whi r e illustrative NUNEr OUS
modi fi cati ongpa% g?/éatlrl&'g{]eqonescefﬁ%céf‘% Laig ©© “@%%a%‘m gt‘b" 6 *{Y%yse skill ed

in the art. atgg, which ring includes as the hetero atdEXgddd Eidrogen atom

Si xty grams (@nd BPlga) &fale»mzaﬁ'd;xéfooévonzo@g,gbtdct}%c%@skﬁen and 42 grans

(0.5 nol e) of sodium bi carbonate were suspe tirring in 250
milliliters B‘Pe“(flln%‘t%W‘f%P%ﬁél(‘W)’e‘?‘1‘}“%!"‘5(’0“-1“8 selected from C;~Cjy

alkyl and C1-Cg alkoxy;

(e) Rg -is the group, -0-Y, wherein Y is hydrogen, C;~Cg
alkyl, benzyl, 01506 alkyl substituted benzyl, C1—C¢ alkoxy
substituted benzyl, C1—Cg alkoxy (02—04) alkyl, C;~Cg haloalkyl,

10 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 phenylamino, or C,—Cg alkoxy substituted phenylasmine; and

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

being chlorxo, fluor¢, iodo or bromo.

13. The photochromic article of Claim 12 wherein the

o~ organic host material is polymer of polyol(allyl carbonate)

- 20 monomers, polyacrylates, 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

25 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
30 allyl, C;-C3 alkoxy(Cy—C,lalkyl or Cy—Cj 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;-C;3 alkyl; X is the group, -0R7,
wherein Ry is €;~C3 alkyl or allyl; and Y is hydrogen, Cq-Cj alkyl
35 or the group, -C(0)Z, wherein Z is Cy;~Cq alkyl.

[T



mtrogen pad The m xture was warned to 60[err]C and’ held there for 2 -
hours. Aftefwar ds, ‘giﬁ‘ﬁﬂ%ﬂﬁ@m@ﬂéool ed to roomtenperature and nethyl

25 mlliliter round bottomflask equipped with a reflux condenser and

i odide (57 granms, O ed. The stirred reaction was then .-
gradual ly warned to it was kept for 2 houiisn 3@t HAS BEEN
Subsequently, the contents of the | ask 28ere poured intp fourggpiagm unes {of
ice and water to precipitate the product. The resulting '
suction filtered and washed with a sodi um bi carbonate solution in order
to remove any unreaghed (5hagljeBbhron MREELIE! o EDELY £k MANCER kY 4B next

washed with water
methyl or propyl each R, is methoxy or ‘methyl; R3 and Rh are each

methyl or ethyl; R, is methyl; and Z is methyl. .

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),

10 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

15 surface to which the photochromic substaance(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.

TR



dried. Hi gh-performance |iquid chromatographic (HPLC), analysis reveal ed

“that the solid consisted of two products. The yield of met hyl 7
3, 7-di hydroyy 2- napht hoat e, which, contained a small anount of nmet hyl
nonohydr oxy napht hoate, was 57 grams. 5

STEP 2 Met hyl 3, 7-di hydr oxy- 2- napht hoat e TﬁiS8S &I{é{é\s BEElN ol e)
fromStep 1 was suspended with stirring in 200 mII|I|ters Drmthv ene
chloride containing 6 granms of acetic acid. The mixture 10 was cooled to
O[err]C. Eight grams of sodium nitriteABSTRAEGR aqueous sol ution, was
added dropwi se over a period of thirty mnutes. The m xture was stirred

an additional 2 hours_at %[err ] C and t hen. vacuum filtered. The resulting

solid product was wasPRSqr el"ha‘FPePh‘SﬁleF@’e“lbéﬁlﬂi‘PF%lram ‘raghthoraginged in

wat er. The. sblcotpaads dgaing gupﬁTd;em phBtJdokeltﬁlbeﬂ;tgndf?lgbrc];éi'&bﬁidumé | a

constant wei g ai ne sultin ie of met

3, 7- di hydr oxy- gsm %r gésjsg: egb:hltshgtéatt c%& in or gna¥ are coated wﬂ% such
compounds . Art:.cles such as ophthalmic leg"tses or other plastic

trangparencies that incorporate the naphthoxazine compounds or
combination thereof with complementary photochromic compounds, e.g.,

10 naphthopyran or benzopyran compounds, are also described.

This Sheet Has Been Replaced
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24 gramns. STEP 3 20 0.01 nol e

of 1,2,3,3,4,5(or 1,2,3,3,5,6)- hexarrethyl ¥ndol ium i odi de (Fisher's_hase

precursor) in 100 mlliliters of e} ' ft-h

mililiters of a 10 vvergh Dp@ﬂté
ed

the two phase 3 S ' I ﬁ 'mﬁ{ :

t he. chl orof orm I"g@%r w&a\sﬁ Sre W=, ) Sﬂﬁg '{]'t - Cf‘

mol ‘e of product . _peepdred in St ep 2,was add fS e 0- 01 e of RN
Fi sher's base solution in the washed chl or ofﬁr §»ayer ' The- mi~xtilire WaS‘
stirred and refluxed under nitrogen overni ght. .f*fhf resulting dark ... -

30 1iltering funnel . TresgioePRbl SRl taeins 8 11T, Tiers of

chloroform The filtrate and the washings -were conbined and the sol vent
was renoved by using a rot A of 20 mlliliters of
a 2:1 hexanetethyl acetate onresulted In e rapi d

crystall¥zation of the product. The crystals were suction 35 filtered and
washed with a smali. aeRse QvehtfaN-SR¥L Mo certain novel

spiro(indoline)naphthoxazine compounds. More particularly, this
invention relates to novel photochromic spiro(indoline)
naphthoxazine compounds, and to campositions and articles containing

10 such novel naphthoxazine compounds. When subjected to ultraviolet
irradiation, photochromic compounds become activated and change -
light transmission properties. Subsequently, activated xeversible
photochromic compounds revert to their original color or inactivated
state when the initial ultraviolet light source is removed.

15 The photochromism of certain spiro(indoline)naphthoxazine
compounds is well known and is disclosed, for example, im U.S.
Patent Nos. 3,562,172, 3,578,602, and 4,342,668. The compounds
described in U.S. Patents 3,562,172 and 3,578,602 are naphthoxazing
derivatives with substituents on the indoline portion of the

20 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
phoﬁocolorability, ji.e., a relatively large change in ?ptical

25 denszty between the activated and inactivated state.

The present invention relates to novel sp1ro(1nd011ne)
naphthoxazines which have been found to have-improved
photocolorability and an unexpectedly higher absorption maxima than
the corresponding unsubstituted compounds. These compounds have

30 certain substituents on the 8' and 9' positions of the naphthoxazine

portion of the molecule.

DETAILED DESCRIPTION OF THE INVENTION
In recent years, photochromic plastic materials,
35 particularly plastic materials for optical applications, have been

the sub;ect of considerable attention. In parLirular, photochromic

Sheet Has Been Replaced
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13- The recovered crystalline product (2.3 grans), hereinafter

desi gnated the principal product of Exanple 1, nelted 221 222rc|é‘er,‘
was 94% pure, as determ ned by HPLC anal ysis, and had mﬂkaﬁﬁ%éNT\ﬁ%gﬁe i c
resonance (NMR) spectrumthat was consistent with the 5 gucT

1,3,3,4,5(or 1,3,3,5,6,)-pentanet hyl -9' - net hoxycar bonyl
8' - hydroxy-spiro[indoline-2,3 -[3H naphth[2,1-b][I, 4] ox

2| ng]r} FE%W?‘I
-2 - ,

ophthalmic plastic lenses have been investigated because tha
weight advantages they offer, vis-n-vis, glass lenses. Moreover,
photochromic transparencies for vehicles such as cars and: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 those
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 streang sunlight.

In accordance with the preseant 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 graphically represented by the
following graphic Formula I:

20

25

CR)a

k{¢]

In graphic formula I, Ry may be a 01-08 alkyl,
phen(C)-Cp)alkyl, naphth(C;—C,)lalkyl, allyl, acrylyloxy(C,-Cg)allkyl,
methacrylyloxy(Cy-Cglalkyl, C{-C, acyloxy(Cz—Cs)alkyl,

35 carboxy(Cy-Cglalkyl, cyano(C,-Cqlalkyl, hydroxy(C,~C¢lalkyl, C1~Cq



particular note is that a diethylene glycol dinethyl ether solution of
the product had a slight yell ow cast but changed to green when I rradi
with ultraviolet light. The solution returned to its 10 rIdRE AC% k:_ghtsjl&d'

colofed condition after the ultraviolet 1(1(59:?tcm\yfgus v yetio
Addi ti onal products were prepared by usi h%EpLA()@Dorede ‘Eﬁd’ﬁ—o’cedu e.
with; different Fisher's base precursors.i. T ng poiint rugE\":
was determ ned for each product. The 15 resulting products and the|r L
i ncl uded the foll ow ng: _ 1

1, 3,3-trinethyl -9 -methoxycar bonyl - 8' - hydroxy spiro[indoline-2,3-[3

H_ napht h[ 2 Aucbicidc 43:0»&&@1%} cd\,{ﬁ’fﬁpf cR3 To3REL 1 an! :tr&"eg@rylfrg‘mef[ hyl -
3- et hyl - Q g g?n yl -8 - dr‘“ox ~’spi rogéfr}dol I ne -
napht hf 2, 1 "? L‘c’]‘y Yefy ‘N?P C3 s FeCu) aw&p?ﬂ 3% 20
di net hyl - 5- mvhonygg. maﬁiﬁ@xgﬂambmybyﬁor hwllynxyl-:sth RO may be a C;-C
[1ndoline-2 [ idne 9lerr[C, and
| - propyl -3, %%il’s?_’]_@ ngug&é) t %’ gﬂ%{l 1m“t"%x rgéﬁ dn 123:
hydr oxy- sblwﬂ-wﬁdomm O1F%- f['@P[F#aﬁgﬁkﬂ[ 21‘ Plbﬂ? Ipom]b@%mhkmb] MPR of
19__7' 199C 2%referebly, R, is C;-C3; alkoxy, e.g., meth ,l\ﬂlhgxyz or Propoxy, or

' C1-Cq alkyl, e.g., methyl, ethyl or propyl. The halogen and halo

substituents may be chlore, fluoro, iedo or bromo, preferably chloro
or fluoro, and n is the integer 0, 1 or 2.

10 Ry and R, may each be Cy-Cg alkyl, benzyl, phenyl, mono- or
di-substituted phenyl, said phenyl substituents being C;—C5 alkyl-or
C;—Cs alkoxy, or R3 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 Ry and R, iz a C,-C4

15 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. o

Rg is the group -C(0)X, wherein X is the group -OR; or
-N(Rs)Rg, whereln Ry is selected from C;-Cg alkyl, benzyl, C;~Cg

20 alkyl substituted benzyl, Cy-Cgz alkoxy substituted benzyl, C1~Cgq
alkoxy(Cy~Cy)alkyl, allyl, or Cy~Cg mono- or di- halcalkyl, e.g.,
chlore, flucre, bromo and iodoalkyl, particularly chloro- and
fluoroalkyl, and wherein RS and Rg are each selected from hydrogen,
C;-C5 alkyl, C5~Cy cyclolkyl, phenyl, and substituted phenyl, or Rg

25 and Rg may fogether 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{-C4 alkoxy. Preferably Ry is

30 allyl or Cj-Cq4 alkyl, e.g., methyl, ethyl, propyl, butyl, pentyl or
hexyl.

Rg is che group, -0-Y, wherein Y may be hydrogen, C1-C6
alkyl, benzyl, Cl-Ca alkyl substituted benzyl, Cy-Cq alkoxy
substituted beazyl, CIQCG alkoxy (Cz—C&)alkyl, C;-C4 haloalkyl,

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

This Sheet Has Been Replaced
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Two grans of the principal product of Exanple 1 were takep
mlliliters of reagent grade acetone. One and one- hal f
di ret hyl sul fate and powdered potas THE ga ceRre 30}a
acetone solution and the stirred m%1 e d%’ ég?gs #Jover'
nitrogen pad. The acetone was renov¢d by ot ar

50 mlliliters each of water and methxl ene chl ori de was
m xture was stirred for 15 minutes to destroy excess di

The et hyl-%reS)f,hLRexj:qu i%Xerfl-W?Salkyx, phenyl, 01—05 alkyl substituted
phenyl, Cy-Cg alkoxy substituted phenyl, C;-C4 alkoxy, phenoxy,

C1—Cg elkyl substituted phenoxy, C-Cgq alkoxy substituted phenoxy,
C1-C¢ alkylamino, phenylamino, C1-Cq alkyl substituted phenylamzno

5 or C1-C¢ alkoxy substituted phenylamino. Preferably Rg is the
"group, 0-Y, wherein Y is hydrogem, C;—C; algyl or the group, -C(0)Z,
wherein Z is C;-C3 alkyl, e.g., methyl. As &sed in the specification
and claims herein, the term alkyl is inteanded to include linear and
branched alkyls.

10 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, in
dimethylformamide (DMF) followed by nitrosation using sodium nitrite

1S 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 macerial with a Fisher's Base, as shown

20 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 Ry substituent at the 8' position.

This Sheet Has Been Replaced




- 14 - separ ated, washed once with water, and the solvent renoved on a
rotary evaporator. The resulting residue was dissolved in a snal
amount of chloroform placed on a silica colum and el W ABMENT SHEETL
m xture of hexane:ethyl acetate. The photochrom c fractj P§m_ MRVY =Yy
conbi ned and the solvent was renmoved by using a rotary  evaporator, The
product began to precipitate as yellow crystals during nbékﬁmapﬁ?étion
procedure. The crystals were collected hy vacuum filtration and washed
with a fewmlliliters of the hexane: et hyl acetate m xture. 10 i
The recovered crystalline product (1.8 grans), hereinafter desi gnat ed-
the principal product of Exanple 2, nelted at 218-220[err]C., was 97%
pure as determ ned by HPLC anal ysis, and had a nucl ear magneti c
resonance (NVR) spectrumthat was consistent with the pr oduct,

1,3,3,4,5( or 1,3,3,5,6,)-pentanet hyl -9" -nethoxycarbonyl- 15

8' - met hoxy-spiro[indoline-2,3 -[3H naphth[ 2, 1-b] [ 1, 4] oxazine]. A
diethyleﬁ@ gl ycol dinmethyl ether solution of the product was col orl ess
but changed to blue when irradiated with ultraviol et l'ight. The sol ution
returned to its original colorless condition

12

o _
R, R R
0 Rs o % \ R
Oe s (Rq —CH; ~—r (R, —/
_ N o
HO _ | |
R, B,
15
20

On irradiaéion of the compounds of graphic formula I with
ultravioclet 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

25 compound is believed to-be respousible for the coloring observed on
exposure to ultraviolet light. It is alsc believed that the extension
of the chromophore by the claimed substituents on the 8' and 9°'
positions may be responsible for the improved photocolorability and
the bathochromic shift in the UV spectrum relative to the

30 naphthoxazine compounds disclesed 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.



after the ultraviolet |ight was renoved. 20 Addi t i onal produet-s—"]
were prepared by-using the af oredescri-bed procedure with {pREHUAGEMENT SHEET

prepared in Exanple 1 from different Fisher's base precurisors—THe

nmel-ti ng poi nt range (MPR) was determ ned for each productj h%d?ég'@b’ﬁg
products and their MPR i ncl uded the f ol | ow ng:

1, 3,.3-trinethyl -9 -nmet hoxycar bonyl -8' - 25

net hoxy- spi ro(i ndol i ne-2, 3' - [ 3H] naphth[Q,—-I -b[ |, 4] oxazi ne], MPR of
213-215[err] C, |-propyl-3-ethyl-3-nethyl-9-methoxycar bonyl - L
met hoxy- spi r o[ i ndoCpmreupd8'rep Hdenbgyhbi[abhiy] farmgla dxaay e] usedPR of
149- 150[ er rJlgneldﬂDriQMnbgna?t sl:am&emdméf Ltumfanac EBipBGAL 3R bebAle- 8' -
met hoxy- spi ro(l I.ndqlin naght h I -b] [ 1 oxazi ne] ., MPR of 30

2,
176-177C. 1R 1‘?)3‘81’)??1“ "%“& PRotachronis; §Uf ?WF Bpy. be
met hoxycar baapby&i,- awthhax\opspealoflensaol iengs 2,0pBthallBif mapmlhﬁ'xa ledzles,
(1,4] oxazgrgce MD 319; Jggggl:lags[vq Els, camera lenses, windows, automotive

" windshields, aircraft and automotive transparenczes, e.g., I-roofs,

sidelights and backlights, plastic films and sheets, novelty items,
e.g., toys and posters, textiles and coatings, e.g., coating
compositions such as paints, and verification marks on security

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

licenses for which suthentication or verification of authenticity.
may be desired. Naphthoxazines represented by graphic formula I
exhibit color changes from colorless to colors ranging from green to
blue.

15 ’ Examples of particularly contemplated naphthoxazines are

the following:

(1) 1,3,3,4,5( or 1,3,3,5,6,)-pentamethyl-9 '-methoxy-
carbcnyl-a'-hydroxy-splro[indoline—z 3'=[38]naphth{2,1-b]-
[1,4]oxazine]

20 (2) 1l-propyl-3,3,4,5(orx 3,3,5,6)-tetfamethy1-9'—methoxy-
carbonyl-8‘~hydroxy-spiro{indoline-2,3'-[3E]naphth(2,1-b]~
[1,4)oxazine] ' :

(3) 1,3,3,4,5( or 1,3,3,5,6,)~pentamethyl-9'-methoxy-

. carbonyl-8'-methoxy-spiro[indoline-2,3'~[3H]naphth{2,1-b]-

25 (1,4] oxazine]

(4) Ll-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]
() 1,3,3,4,5( or 1,3,3,5,6,)-pentamethyl~9'-methoxy-
30 carbonyl—S'-acetoxy—spito[indoline-Z,S'—[3H]naph§h[2,1-b]-

(1,4] oxazine]
(6) 1l-propyl-3—ethyl-3-methyl=9'-methoxycarbonyl-8'-acetoxy-
spiro(indoline-2,3'-{3H]naphch(2,1-b](1,4] oxazine]
(7) 1l-propyl-3,3-dimethyl-5-methoxy-9'-methoxycarbonyl-8"'—
35 acetoxy-spiro[indoline~2,3'=[3H]naphth(2,1-b][1,4]oxazine]




- 15 - _ EXAMPLE 3

one-hal f granms of the principal product of Exanple

mlliliters of methylene chloride along with 2 gramso BF‘

and. 100 m I ligrams of dinmethylam no pyridine 5 (DVAP). Flft ||I|Itg7S
a 10 weight percent aqueous sodium hydroxide solution adp & 2hd? S{he
two phase m xture cooled in an I ce bath. Two grams of a etyI chI orid

excess) was t hen added dropwi se to fie rapidly stirred After
five mnutes, ,TLC  anal yS| s showed that a new Ilog;er# Hg)ho ochr
had formed an$h10lrBEeeY e’ dafts Ag et erpiyen copr&YEYy gone. The

organi ¢ phase wasriwephigatfscandspishixdol iec?, 3t-{ 3HInarketh(20l4bdwed by
removal of the ) ’

(1,4loxazine]
(9) 1-methoxyethy1-3,3-dimethyl-9‘;allyloxycarbonyl;S'J'
5 benzoyloxy-spiro[indoline-2,3'-[Sﬂgnaphthtz,l—b][l,h]-
- oxazine])

(10) 1-a11yl-3,3-spirocyclohexyl—9'-ben;yloxycarbonyl-a'-
chloroacetoxy-spiro{indoline-2,3'-[3E]lnaphth[2,1-b][1,4])~
oxazine] '

10

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

15 naphthoxazines of graphic formula I, 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 lemns
containing such photochromic materials is exposed to ultraviolet

20 light.

For example, a compound which colors to yellow may be
blended with a compound that colors to an appropriate purple te
produce a brown shade. Similarly, a compound which is orange in its
colored state will produce a shade of gray when used in conjunction

25 with an apéropriate blue coloring compound. 4lso 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 color. U.§. Patent
No. 4,968,454 describes how two (or more) organic photochromic

30 substances can be combined to produce variable light transmittance
articles, such as ophthalmic lens.

The relative amounts of naphthoxazine compounds of graphic
formula I and other complementary orgaanic photochromic compounds

used in combination will vary and depend in part upon the relative



met hyl ene chloride using a rotary evaporator. The residual oil readi |

crystallized. The crystalline product was broken into pi-e€es e H{WTt
hexane, suction filtered and dried. 15 The recov erd?LBQEy 1| Yine
product (1.5 grans), hereinafter desi gnat ed the princi paj~product of
Exanple 3, nelted at 175-178[err]C., was 98% pure as det er g gegpbHIAPLC
anal ysi s, and had a nucl ear magneti c resonance (NVR) spe¢trum that was
consistent with the product, 1,3,3,4,5( or

1,3,3,5,6,)-pentanet hyl - 9' - net hoxy- 208 - i [
carbonyl - 8" -acet oxy-spiro[indoline-2,3'-[3H naphth[2,1- bl} )

[1, 4] oxazi riaitengitdeetafy Fameotns eb thai arsivated ameiess 8f (R4Bn of t he

o oduct }Nascolﬁgbafdsesmbu&e ebeiiaed doRodbldusiceen Geniemadins ete weight
ul traviol et

I,ght. The _solution returned 1.0 i Qi .
condition dRtAP 36800 AEPRRACSFEPer i“@ﬁﬁtq‘\ﬁ/’éas“r“én‘}c?\%‘ﬁéi)‘f"ldggw° el Q’“‘%ﬁfﬁ ti onal
product s wetoepbemepaary pbytaghiang et dvapoundfé bwvatle yery oam mbosbduBetan t h
products prepgted i ne.?fa%%én EEQID 0,759 fh@r &Rl F:gher’ s base precursors.
. 20 .

The nel ting pornt Pan was determned for each product, The
resul ting product s Particubanly contemmbaretcFlareqs (Hecquplrraptagy organic
1,.3,3-tri nPﬁH&)ﬁbcbﬁfomﬂ@tc!aQWﬁQE DAY lmay ¥: used with the naphthoxazines of
8' -acet oxy-spirof[indo]ine-2, 3 - ES ,naphth ,2,(1 -,b% 11, 4] oxazi ndeJ gué\ﬂDR of
165- 166[ er rife; PFESFAbpARveatiop pinclylsip IRHFO gl RS RS
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
nephthopyran 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. Patents 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. Pateat No. 5,066,818 from

25 column 6, line 30 to colum 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



8' -ace toxy-spiro [indolie-2,3 -[3H naphth[2,1-b][1, 4] oxazi ne]
114-116 'C, |-propyl -3, 3-dinethyl-5-nethoxy-9 '-ethoxycaj

r.bgny-lm———"
REPLACEMENT SHEET 1EPLACER

8' -acetoxy-spiro(indoline-2,3 -[3H naphth[2,]-b][1, 4] oxaz

140- 141. 5[ err] G and | - propyl -3, 3,4,5(or 3,3,5,6)-tetranet grzzprm 1097

9' - net hoxycar bonyl - 8' -acet oxy- spi ro(i ndol i ne-2, 3" -[ 3H| napht

MPR of

e PN )

___ —— ..4...

(1, 4] oxazi ne], MPR of 126- 127[err] C.

thermal traunsfer; providing the photochromic substance as a
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.

5 The term "imbibition" or “imbibe' is intended to mean and include
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 other
such transfer mechanisms.

10 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 photochromic amount.

15 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
more compound applied or incorporated, the greater is’ the color

.zntensity. Generally, the amount of each photochromie substance

20 incorporated into or applied to a photochromic optical host materxal
may range from about 0.I5 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,

25 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 from the activated

30 photochromic substances, e.g., to achieve a more neutral color or
absorb a particular wavelength of incident light. In ancéher
embodiment, the dye may be selected to provide a desired hue to the
host matrix when the photochromic substances is in an inactivated

state.




EXAMPLE 4 The principal products of Exanples 1, 2 and 3 wer e

di ssol ved in diethylene glycol dinethyl ether. The concen'r F-a-+-oRs
the resulting solutions were approximately 0.5 milligrans peREPLGCEMENT SHEET
mll-iliter. Each solution was tested in a W spect_rophotom=tq§r 10

determine its | anbda nmax. The | anbda max reported in Table S}? {;Iﬁ;g §997

wavel ength in the ultraviolet range closest to the visible ect

in the threshold range, i.e., 390 to 410 nanoneters, of the Vb S4--e
spectrum at which the nmaxi num absokrptg en and activation off 15 the
phot ochrom ¢ compound occurs in diethylene glycol dinethyl erter-

Conparative testi g vakymeorttst tredevinlt vid Lpusuatlpbe frapdpatent, Ipft Exanpl e 3

and cert ai s i.b 342,668
ond 4. 657 RY SRR COTRG IR, AT R DR rhll Hruce of  BREZ 58 ST ©
t est squartésn%ﬁara“bdpy%rtlwrﬁmw ek WeﬁéFééPmGnqqiémP&caF'@!shyhm gl ycol

bis(allyl acaihrrat&e gmm@&lohmmubytahbs i.ef otﬁm&@z&ag&e@are Each
ph n tol uene to. f wei ght

o S B SO T S et el 'S L

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

10 photochromic substance, i.e., so the change in color is readily
apparent to the observer. Preferably, the host material article is a
s0lid transparent or optically clear material.

Examples of host materials which may be used with the
photochromic substances or compositions described herein imclude:

15 polymers, i.e., homopolymers and copolymers, of polyol(allyl
carbonate) monomers, polymers, i.e., homopolymers and copolymers, of
polyfunctional acrylate monomers, polyacrylates,
pely(alkylacrylates) such as poly(methyl methacrylate), cellulose
acetate, cellulose triacetate, cellulose acetate propionate, _

20 cellulose acetate butyrate, poly(?inyl acetate), poly(vinyl
alcohol), poly(vinyl chloride), poly(vinylidene chloride),
polyurethanes, polycarbonates, poly(ethylene terephthalate),
polystyrene, copoly(styrene-methylmethacrylate),
copoly(styrene-acrylonitrile), polyvinylbutyral and polymers, i.e.,

25 homopolymers and copolymers, of diallylidene pentaerythritel,
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.

30 Preferably, the host material is an 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,



pi ece of No. 4 Whatman filter paper was saturated with the toluene 25

sol ution of the photochrom c conpound and allowed to air dry...The—— ﬁ%y
filter paper was placed on one side of the polyner test SﬂEHﬂ@EMWH?éh
measured 1/8 inch (0.3 centimeter) x 2 inch (5.1 centi )*1(12 |nch
(5.1 centineters). A piece of untreated filter paper mas Iagﬁg en

ot her side of the polyner test square 30 and the resulting ga E placed
bet ween two plates of flat alum numnetal plates. The et

was then placed in a 155[err]C. ovén Tor a time sufficiept to thermal

transfer t BEEXIGLR?DtpgfﬁLgmaﬁeg%@Qgﬁgﬁdﬂgﬁy&h&rﬂgﬁé’mrmJn%ﬁ&r
Resi dence tI nes e oven wer be COnparabIe anDunts
of the especially diethylene glycol bzs(a 1yl carbonate), which monomer is

sold under the trademark, CR-39, and polymerizates of qopglymers of
a polyol (allyl carbomate), e.g., diethylene glycol bis(allyl

5 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(allylf .
carbonate) and 15-20 perceant vinyl écetate, and copolymers with a

10 polyurethane having terminal diacrylate functionality, as desc¢ribed
in U.S. patents 4,360,653 and 4,994,208; cellulose propionate,
cellulose butyrate, cellulose acetate butyrate, polystyreme and
copolymers of styrene with methyl methacrylate, vinyl acetate and
acrylonitrile.

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

those skilled in the art.

20 ' EXAMPLE 1
STER L
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 a 500

25 milliliter round bottom f£lask equipped with a reflux condenser and
nitrogen pad. The mixture was warmed to §0°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.

30 Subsequently, the contents of the flask were poured into §our
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



- 17 - phot ochrom ¢ conpounds in order to yield a conparable W

absor bance at their |anbda nax. The i nbi bed test squar%m\ﬁﬁé@ﬁ*
with acetone after renmoval fromthe oven. h REP b b -
pol-ymer test squares were tested for - 5 photochrom c respopiSé rates on an
optical bench. The sanples were iIlum nated by a 150 waft| XenorrBai9p7
fitted wth a copper sulfate bath and a neutral density|f|lter at an

i ntensity of about one sun. A secangd beam of Iight prov dLé-)@y—a—’“’"’
filtered tungsten | anp arranged to pass through the sanmpl e area exposed
by the W SQliE&eHﬂ@ﬁ-p‘éﬁ%&&elﬁ’ic{m@i&@&mﬁhéﬂﬁbﬁ@ci('ﬁrﬁd)aaﬁm Eon of the

sanpl e over_differ vel ength ranges i bl e, regi on of the
spectrum TiRe® caled glEa‘etn Ifetwa})‘fd ?fglﬁ%'ﬁii %e&“ﬁg?rﬁé"é% af '[S%‘F ’b’a&g ?158 t hr ough t he
sanpl e mshmésﬁfdauywxrm‘a—nspmom | whithOBdarsisied e tsmal legooppedtiwi t h a
si licon detgehor ~BRAG4ANG HP&h‘EH&ﬁQ fdaﬁt?f Srads> The [err] OO/mn.

' t t he

whi ch repsresen s the sensitivity of

SIEP 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
10 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 additiomal 2 hours at 5°C and then vacuun
filtered. The resulting solid product was washed with methylene
chiloride and then slurried in water. The solid was again suction
15 filtered and air dried until a constant weight was obtained. The
resulting yield of methyl 3,7-dihydroxy-8-nitroso-2-naphthoate was
24 grams.

SIER 3 ,
20 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 millilicters of

chloroform was mixed with 100 milliliters of a 10 weight perceant
aquecus sodium hydroxide solution and the two phase system stirred
vigorously for 15 minutes. At this point the chloroform layer was

25 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 a2 silics plug contained in e

30 filtering funnel. The gilica plug was washed with 50 milliliters of
chloroform. The filtrate and the washings were combined énd the
solvent was removed by using a rotary evaporator. Addition of 20
milliliters of a 2:1 hexane:ethyl acetate solution resulted in the
rapid crystallization of the product. The crystals were suction

35 filtered and washed with a small amount of fresh solvent.
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éJ]hI@inﬁssékrgfgxdglzne—z 3'=(3H]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 greean 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'-methoxycarbonyl-8'~hydroxy-spiro(indoline-2,3'-(3
Hlnaphth([2,1-b]{1,4]oxazine], MBR of 237-238°C; l-propyl-3-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-S-mechoxy-9}—methoxycarbonyl-s‘-hydroxy—spiro
[indoline-2,3'~[3HInaphth{2,1-b][1,4]oxazine], MPR of 228-229°C; and
1-propyl-3,3,4,5(or 3,3,5,6)-tetramethyl-9‘-methoxycarbonyl=8"~
hydroxy-spiroc[indoline-2,3'=-[3E]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 methylene
chloride was added. The mixture was stirred for 15 minutes to

destrxoy excess dimethyl sulfate. The methylene chloride layer was

e
0.5
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separated, washed once with water, and the sclvent removed om a
rotacy evaporator. The resulting residue was digsolved in a small
amount of chloroform, placed on a silica column and elu;ediwith a
2:1 mixture of hexane:ethyl acetate. The photochromic fractioms

5 were combined and the solvent was removed by using a rotary
evaporator. 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.

10 The recovered c¢rystalline 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-

15 8'-methoxy-spiro[indoline-2,3'~[3H]naphth[2,1-b](1,4]Jo%xazine]. A
diethylene glycol dimethyl ether solution of the product was
colorless but changed to blue when irradiated with ultraviclet
light. The solution returned to its origimal colorless condition
after the ultraviolet light was removed.

20 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
MER included the following: 1,3,3-trimethyl-9'-methoxycarbonyl-8'~

25 methoxy-spiro{indoline-2,3'~[3K]naphth{2,1-b](1,4]oxazine], MPR of
213-215°C; l-propyl~3-ethyl-3-methyl-9'-methoxycarbonyl-8'=~
methoxy-spiro[indoline-2,3'-[3H]naphth[2,1-b][1,4] oxazipe], MPR of
149-150°C; i-propy1-3,3—dimechy1—5—methoxy—9'ﬁnethoxycarbonyl-S'—
methoxy-spiro(indoline-2,3'~[3H)naphth[2,1-b](1,4]oxazine], MER of

30 176-177°C; and l-propyl-3,3,4,5(or 3,3,5,6)-tetramethyl-9'~
methoxycarbonyl-8'~methoxy-spiro[indoline-2, 3'-[3E]naphth(2,1-b]
(1,4]oxazine], MPR of 196~198°C.
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BLEACH RATE SAMPLE : SENSI TIVITY SATURATHE
Alerr] 336 0.15 B MENT SHEET
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derr]
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Pat ent No.
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4] benzoga af€loneChal £CLAMEN & €he PrinciPal Grbdddt o2 Example
1 was dissolved in 75 milliliters of methylene chloride along with 2
grams of triethylamine and 100 milligrams of dimethylamino pyridine
(DMAR). Fifty milliliters of a 10 weight percent agueous sodium
hydroxide solution was added and the two phise mixture c¢ooled in an
ice bath. TIwo grams of acetyl chloride (an excess) was then added
dropwise to the rapidly stirred mixture. After five minutes, ILC
analysis showed that a new (lower) photochromic spot had formed and
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.

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 (MMR) spectrum that was consistent with the
product, 1,3,3,4,5( or 1,3,3,5,6, )-pentamethyl-9'-mathoxy—-
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 returmed to its original colorless
condition after the ultravielat light was removed.

Additional products wers prepared by using the
aforedescribed procedure with products prepared in Example 1 from
different Fisher's base precursors. The melting point ramge (MER)
was determined for each product. The resulting products and their
MPR included the following: 1,3,3-trimethyl-9'-methoxycarbonyl-
8'—acetoxy~spiro[indoline—z,3'-[3H]naphth[2,l-b}[l,&}oxaz@ne], MPR
of 165-166°C; l-propyl-3-ethyl-3-methyl-9'~methoxycarbonyl-
8'~acetoxy-spiro[indoline-2,3'~{3lt]aaphth{2,1-b]{1,4] oxazine], MER
of LL4-116°C; l-propyl-=3,3-dimethyl-S-mathoxy-9'-methoxycarbonyl~




3. 1- propyl -3, 3,4, 5(or 3,3,5,6)-tetranethy|-9'-nethoky-

car bonyl -8' -acet oxy-spiro[indoline-2,3 '-[3H napht h[2, 1-b] RH%ACtN T SHEET

[ 1, 4] oxazi ne] (Exanple 3). 4. 1- propyl - 3, 3, 4, 5(or | 3, 3+56
)-tetramet hyl -spiro[indoline- 30

-[ 3H napht h[ 2, 1- b] [ 1, 4] oxazi ne] . The résyl t20ifEBraiie 1
for_ the principle products of Exanples 1, 2 and 3 show the¢_rel atively

hlgh | anbda max val ues of 35 the photochron1c napht hoxazi ne conpounds of

the present invention
8°=-acetoxy-spiro{indoline~2,3'~[3H]naphth{2,1-b][1,4]0xazine], MPR
of 140-141.5°C; and l-propyl-3,3,4,5(orz- 3,3,5,6)-tetramethyl-
9'-methoxycarbonyl-8'~acetoxy-spiro(indoline-2,3'=[3K]aaphth(2,1-b]-
(1,4]oxazine], MPR of 126-127°C.

EXAMPLE &

The principal products of Examples 1, 2 and 3 were
dissolved in diethylene glycol dimethyl ether. The concentratioas
of the resulting solutions were epproximately 0.5 milligrams per

10 milliliter. Each solution was tested in a UV spectrophotometer to
determine its lambda max. The lambda max reported in Table 1 is the
wavelength in the ultraviolet range closest to the vigible spectrum
or in the threshold range, i.e., 390 to 410 nanometers, of the
visible spectrum, at which the maximum absorption and activation of

15 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

20 thermal transfer into test squares of a polymeric matrix prepared
from a diethylene glycol bis(allyl carbonate) 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. 4 Whatman filter paper was saturated with the toluene

25 solution of the photochromic compound and allowed to air dry. The
dried filter paper was placed on one side of the polymer éest
square, which meagured 1/8 inch (0.3 centimeter) x 2 inch (5.1
centimeters) x 2 Inch (5.1 centimeters). A plece of untreated
filter paper was placed on the 6cher side of the polymer test square

30 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 sufficieat tg thermally transfer the
photochromic compound into the polymer test square. Residence times

in the oven were adjusted to imbibe comparable amounts of the



conpared to those of conmpound sanples A, B and D of Table 2. _The ___results..

tabul ated in Table 2 for conpound C, the principal product REpLhur@ggrrplfgxgﬁ
as conpared to the other conpounds, show an i nproved sensi ity EJ.rc
optical density at saturation, and an acceptable 5 bleach a3 C
al so had an absorption maxima in the W spectrum unexpectedlgﬂhﬁﬁé‘w}?7

t han conpounds A, B and D. Al t hough the present iinventi on_has
been described with reference to theyspecific details off particul ar
enbodi nent s t hereof, it is not intended that such detai lls.

upon the scptp:eoa&romctdoapd@uerﬁd efueexecepﬁ.eimaoémpamledmt bisscabheed t hat
they are ingl ydefl 1anddd 42 SHEOTRABYL Wa€! Aullbes were vashed with

acetone after removal from the oven.
The imbibed polymer test squar;s were tested for ~—-
5 photochromic response rates on an optical b:anch. The samples were
‘illuminated by 2 150 watt Xenon lamp fitted with a copper sulfate
bath and a neutral density filter at an intensity of about one sun.
A second beam of light provided by a filtered tungsten lamp arranged
to pass through the sample area exposed by the UV source was used to

10 monitor changes in transmission of the sample over different
vavelength 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.

L5 The A OD/min., which represents the semsitivity of the
photochromic compound's response to UV ]ight, was'measuxed using
photopic filters on the silicon detector. The response of the
filtered detector approximated the lumincsity cuzrve. The A OD was
measured over the first five (5) seconds of UV exposure, then

20 expressed on a per minute basis. The saturation optical density -
(0D) was taken under identical conditions as the A 0D/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
vigible spectrum or in the threshold range, i.e., 390 to 410

25 nanometers, of the visible spectrum at which the maximum absorptiom
and activation of the photochromic compound occurs in the polywer
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 photochromic

30 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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5 1. A naphthoxazi ne conpound represented by the
graphic formul a: : -
- REPLACEMENT SHEET
20 FEB 1997
- 18 -
TABLE 1
RRINCIPAL PRODUCT OF LAMBDA MAX
Example 1 403
Example 2 383
Example 3 374
TABLE 2
COMPOUND LAMBDA A OD/min. A OD @ BLEACH RATE
~SAMPLE MAX_ SENSITIVITY SATURATION T 1/2 (SEC.)
al 336 0.15 0.11 70
52 350 1 0.44 0.36 69
c3 374 0.46 0.42 136
p4 346 0.21 0.11 47

l-propy1-3,§,5,6—tetramethy1—9'—methoxy—spiro[indoline—
2,3'=[3H]naphth(2,1-b][1,4]oxazine]; cf. Example III of

U.5. Patent No. 4,342,668,

l-propyl-3,3,5,6-tetramethyl-spiro[indoline~2,3"-[3H8]pyrido~
[3,2-£]}{1,4]benzoxazine]; cf. claim 2 of U.S. Patent No.
4,637,698,

l-propyl-3,3,4,5(or 3,3.5,6)—tetramethy1—9‘—methoﬁy-
carbonyl-8'-acetoxy-spiro{indoline-2,3'~[3E)naphth(2,1-b]-
{1,4)oxazine] (Example 3).

l~propyl-3,3,4,5(or 3,3,5,6)-tetramethyl-spiro[indoline-
2,3'-{38]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 A4, B and D of Table 2. The

results tabulated in Table 2 for compound C, the principal product
of Example 3, as compared to the other compounds, show an improved

sensitivity, higher optical density at saturation, and an acceptable

5 bleach rate. Compound C also had an absorption maxima in the UV

10

" spectrum unexpectedly higher than éomp0und§iA, 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 except insofar as to the extent that they are included

in the accompanying claims.



20 wherein: (a) HRerr] is derr]-Cerr] alkyl,
phen(Cferr]-Cerr])al kyl, naphth (dJerr]-derr])al kyl, allyl,
acrylyloxy((err]-[err])al kyl, met hac_yLyLex - err] m?ﬂ SHEET

Cerr]-C4 acyloxy(Cerr]-C6 )alk rrj]- RS
cyaano( (] eThi Sh% aIBle Repl kogdlr oxy ( -h)al kyl, Cenrfi-Clerr

al koxy( ([ er (C[err] eKCrEh rrj, erelnoﬁr’}.& o

i nt'eger fro - 90 {b) each Rerr] lig (err]-Ce

al kyl , C[err err a oxy, nitro, cyano, CL-Clerr] Xycar bonyl ,
C[err] C4 acyl oxy, halo, Cferr]-(err] nonohal oal kyl or B0 Clerr]-CA-
pol yhal oal kyl ; (c) Rerr] and R err] are each Cerr]-Cerr]
al kyl , benzyl, phenyl , nono- or di-substituted phenyl, said phenyl
substituent ssltkeqnng Cerr]-C5 al kyl _ '
group selected froma or CJerr]-C5 al koxy, or Rerr] and R err] taken
together forma/cyclic ring O from5 to 8 carbon atons which

i ncl udes St he spi r @ -ca¥ bephth8Eazine momprymborepyesented ymtibg \flollowing
graphic formula:

10

(R2)q
13

20 wherein:

(2) Rj is C;-Cg alkyl, phen(C;-Chlalkyl, naphth
(Cy=Cy)alkyl, allyl, acrylyloxy(C,-Cglalkyl,
methacrylyloxy(Cy—Cglalkyl, C1-Cy acyloxy(C,-Cq4lalkyl,

25 carboxy(Cy-Cglelkyl, cyano(C,y-Cglalkyl, hydroxy(Cy-Cqlalkyl, C1—Cg
alkoxy(Cy-Cy)alkyl or (CyH;0),°CHj, whereia m is an integef from 1
to 6;

(b) each R, is Cy-Cg alkyl, C;-Cs alkoxy, aitro, cyauo,
C1-Cg alkoxycarboayl, C;-C; acyloxy, halo, C{-C, monohaloalkyl or

30 ¢1-C, polyhaloalkyl;

(c) B3 and Ry are each C;-Cs alkyl, benzyl, phenyl, mono-
or di-substituted phenyl, said phenyl substituents being Cy-Cs 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 carbon

3S atom, norbornyl or adamantyl;

* C L M s *
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the group -C(OX. X being -OR7 or -N(Rerr])Rerr],

Cerr]-C6 al kyllfhi‘ﬁ
Jerr]-Cerr] a|ﬁ E
al koxy(derr]-C

s Be lecbd C6 al kyl gupsrituted. - b
ed benzyl, @ é‘r"r’]”’-"%’ et FER
Em “l, or Clerr]-d6 hal BETWAPED andd efd
Rlerr] are each selected From5 hydrogen, CL-CS al kyl, C5-C7 m_hf_”‘
phenyl and substituted phenyl, or #err] and Rlerr] toggther with t
nitrogen forma skjbst i tuted or unsubstituted/eterocycli : C
from5 to 6 ring d) Rg is the group -C(0)X, X being -ORy or -N(Rg)Rg,
wherein Ry is allyl, C)-C¢ alkyl, bemzyl, C;—C¢ alkyl substituted
benzyl, C;-C; alkoxy substituted benzyl, Cy~Cg alkoxy(cz—qg)alkyl,

or Cy~C¢ haloalkyl, and wherein Rg and Rg are each selected Trom

5 hydrogen, €;-Cs alkyl, 05-07 cycloalkyl, phepyl and substituted
phenyl, or Rg and Ry 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 additioﬁal hetero atom of nitrogen or oxygen, said

10 phenyl and heterocyclic ring gubstituents being selected from C1-Cs
alkyl and Cy-Cg alkoxy;

(e) R4 is the group, -0-Y, wherein Y is hydrogen, C;—Cg
alkyl, benzyl, C1=C¢ alkyl substituted benzyl, C1-Cg alkoxy
substituted benzyl, C;-C4 alkoxy (CZ-CQ) alkyl, C;~C; haloalkyl,

15 allyl or the group, =C(0)Z, wherein Z is C;-C¢ alkyl, phenyl, C;-Cg
allkyl substituted phenyl, €;-C¢ alkoxy substituted phenyl, C;-Cg
alkoxy, phenoxy, Cy~Cg alkyl substituted phenoxy, C;-Cg alkoxy
substituted phenoxy, €1-C¢ alk}iamino, phenylamino, C;-Cg alkyl
substituted phenylamine, or C1—Cg alkoxy substituted pheaylaminoc; and

20 (£) a0 is the integer 0, 1, or 2, said halo substituents

being c¢hloro, fluoro, iodo or bromo.

2. A naphthoxazine compound according to Claim 1, wherein
Ry is allyl, C;-C3 alkoxy(C,-C,)alkyl or C;-C, alkyl; Ry and R, are
25 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 c¢arbon
atom; each R, is C;-C; alkoxy or C;-C3 alkyl; X is the group, -ORs,
wherein R; is Cy~C3 alkyl or allyl; and Y is hydrogen, C1-C; alkyl
or the group, -C(0)Z, wherein Z is C€;-C3 alkyl.
30
3. A naphthoxazine compound according to Claim-z, wherein
R; is methyl or propyl; each Ry is methoxy or methyl; R3 and R, are
each methyl or ethyl; Ry is methyl; and Z is methyl.

e



atons, which ring-+netudes as the hetero atom said nltrogen atom aI one..

or one additi ona h &@ atomof nit rogen or oxygen, sal

het eroc%iSBh,“tr i tuents being s 3e¢.LtrombG§

and C[err e‘ %ﬁ P\?@Eghe gr ud, -0-Y, where n
Yis hydr err] al kyl , an7\l| err1=C6 al kYQ Osﬁﬁat‘fﬁ%t d
benzyl err] 06 aI koxy substi t ut ed benzyl Cerr]-Cd rr] al kox
(C['err] Clerr]) alkyl, Clerr]-C6 halaal kyl, 15 allyl or the=group, C(O)Z
wherein Z is C[err]-CG al kyl, phenyl, Cerr]-C6 al kyl $substit

phenyl, ([ err]-C64al kox4 ngphrhbidzite copgramnit| vheCpior the G®@mpourad Hexy, phenoxy,

err al kyl substi 0 r | xy- Substituted
%enoLy, g err/] nggllkﬁrst st(plaﬁflhé}/;; q o Elntgugﬁyh 2 Jﬁaéf%o Y substituted

phenyl ani F@rb Y LePe Mrw-w%ewdskﬁéérh%réﬁlﬁ |[én1r|‘rdIYe(Hd 20
(f) n isddaeiddieger 0, 1, or 2, said halo substituents ™ 'being chloro,
[Luore, 4000 O DUy propat-a.5.0u5og 2y PR AEEF L gapound
al koxy( C[ avarrbor(flef t Jhydkdugt-smiro (el L ine €, EF@]pamhéﬁd-ﬂll[hﬂd—ZS each
derr]- o@:la§¥:le]‘3r Rlerr] and Rl err] taken together forma cyclic ring

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

10 oxazine];

(d) 1l-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(0r 1,3,3,5,6,)-pentamethyl~9'-methoxy~

15 carbonyl-8'-acetoxy-spiro(indoline~2,3'-[3E]lnaphth[2,1-b][1,4]-
oxazinel;

(£) 1-propyl-3-ethyl-3-methyl-9'-methoxy-
carbonyl-8'-acetoxy-spiro{indoline-2,3'~{3K]}naphth{2,1-b]~
{1,4]0oxazine];

20 (g) l-propyl-3,3-dimethyl-S-methoxy=9‘-methoxy-
carbonyl-8'-acetoxy-spiro{indoline-2,3'~{3H]naphth[2,1-b]-
[1,4)oxazine];

(k) 1l-propyl-3,3,4,5(er 3,3,5,8)-tetramethyl-9" -methoxy-

carbonyl-8'-acetoxy-spiro(indoline~2,3'~[3H]Inaphth(2,1-b]~
25 [1,4]oxazine];

(1) 1l-methoxyethyl-3,3-dimethyl-9'-allyloxy=-
carbonyl-8'-benzoyloxy—-spiro{indaline-2,3'-[38]naphth{2,1-b])-
[1,4)oxazine]; or

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

30 8'chlorcacetoxy-spiro(indoline~2,3'-(3K]naphth{2,1-b] [l,hj!oxazine] .

IIIIlIIl llllll III|| IlIlI | !III
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wher
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3.
met t

met hyl or ethyl; R7 is nethyl; and Z=i% met hyL.

hyl or propyl; each R2 is nmethoxy or net

TrTTT

from5 to Z_carbon atons_which includes the spiro carbon

r] is Clerr]-C3 alkoxy or CJerr]-C3 alkyl; X is the gr pupgpLACEMENT SHEET
rerF=€3—at kv

ein R7 is (] hjsPheetia eplacedg| |yl ; and Y i s hydrogen, |€F
he group, -C( is Jerr]-djernd al-kyl.~ S
A napht hoxazi cording to éai m REPWHTEDei 1
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}

28R s |

W-—R3—amd~ R enr |

Lare ......ea

5. A photochromic article comprising an organic host

material and a photochromic amount of a naphthoxazine compound

Tepresented by the following graphic formula:

10

(R2)p

15

wherein:
(a) By is C1-Cq alkyl, phen(C;-C,)alkyl,
naphth(C;-C,)alkyl, allyl, acrylyloxy(Cy~Cq )alkyl,
20 methacrylyloxy(cz—cé)alkyl, C-Cq acyloxy(cz-cs)alkyl,

carboxy(cz—cs)alkyl, cyano(cz-cs)alkyl, hydroxy(cz-cs)alkyl, C1-Cg
alkoxy(cz-ch)alkyl or (CZHQO)m'CH3, vherein m is an integer from 1

to 6;

5 ot o (b) each R, is C1~Cs5 alkyl, C1-Cs alkoxy, nitro, cyano,
1-Cg alkoxyecarbonyl, Cy-C, acyloxy, halo, Cy~C, monohalealkyl or

01'Ca polyhaloalkyl;

(¢) Ry and R, are each C;-Cs alkyl, benzyl, phenyl, mono-

or di-substituted phenyl, said phenyl substituents being C1-Cs

alkyl

or C;-Cs alkoxy, or R3 and R, taken together form a cyclic ring

30 containing from 5 to 8 carbon atoms which includes the spiro carbon

atom, norbornyl or adamantyl;

() Rs is the group -C(0)X, X being -0R; or -N(Rg)Rg

wherein Ry is allyl, CI'CG alkyl, benzyl, CL'CG alkyl substituted
benzyl, C1-Cg alkoxy substituted benzyl, C1~Cs alkoxy(cz—ca)alkyl

* c L " s *




4. A naphthovaLneMGeﬁﬁﬁund mhereln t he conpound is

1,3, 3,4, 5(“0r 1,3,3,5,6, tanethyl - met hoxy- ™

carbonyl mmd$8% dollne (3H]naphth(2 1&?ﬂ7ﬂf 2y
“m “%4-5(0r 3 3*5(3 REPLAGEDRt hyl

carbonyl 8' - h doline-2,3' rrapntnf 2, 1 - b]

oxazi nej ; (c) 1,3, 3,4, 5( 05

1 3,3,5,6,)- pent anet hyl - 9' - met hoxy- ar bonyl - |

" - met hoxy-spl rQ( nal th b 1 0 ox |ne
e propg 4 gﬁggg my fgug,g@ ARy aLgA 2k Lm@ ssis da%
car bony| Waﬁxyﬂsrﬁj G{HMdo‘Fs-ﬁp-CzCBﬁ&lECBH pberhyithamd Subyti[tlatd:}

oxazi nej ; phenyl, or R (@) Rgltg’ge?thé‘v U che 311%1‘5@2@ FoRent ?!m?stttﬂwer%] met hoxy-

-2,3" - ht
15 carbonyl .8 a6l iR a0l %l 2

eterocyclic ring contaznzng romtgzto 6 ring
5 atoms, which ring includes as the hetero atom said nitrogen atom
- alone or one additional hetero atom of nitéogen or oxygen, said
phenyl and heterocyclic ring substituents éeing selected from C1-Cs
alkyl and C;-Cg alkoxy;
(e) Rg is the group, -0-Y, wherein Y is hydrogen, C1-Cg
10 alkyl, benzyl, C;—Cq alkyl substituted benzyl, C;-Cg alkexy
substituted benzyl, C;-Cq alkoxy (C,-C,) alkyl, C;-C¢ haloalkyl,
allyl or the group, -C(0)Z, wherein Z is Cy-Cg alkyl, phenyl, C;—Cq
alkyl substituted phenyl, C1-Cg alkoxy substituted phenyl, C1-C¢
alkoxy, phenoxy, C1-Cg alkyl substituted phemoxy, C;-Cg alkoxy
15 substituted phenoxy, Cy-Cs alkylamino, phenylamino, C;—Cg alkyl
substituted phenylamino, or C;-C¢ alkoxy substituted phenylamino; and
(£) n is the integer 0, 1, or 2, said halo substikuents

being chloro, fluoro, iodo or bremo.

20 6. The photochromic article of Claim 5 wherein the
organic host material is a polymer of pelyol(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), poiy(V1nyl chloride), poly(vinylidene
chloride), polycarbonate, polyurethane, poly(ethylene
terephthalate), polystyrene, copoly(styrene-methylmethacrylate),
copoly(styrene-acrylonitrile), polyvinylbutyral, or a polymer of
diallylidene pentaerythritol.

30

7. The photochromic article of Claim 6 wherein R; is
allyl, C;-C3 alkoxy(C,-C,)alkyl or C1-C4 alkyl; Ry and R, are each
Cy-C3 alkyl or R3 and R, taken together form a cyclic ring

containing from 5 to 7 carbon atoms which includes the spiro carbon

HIIIIII I III!I lllll H lIIl



(f) 1-propyl-3-ethyl-3-nethyl-9' -nethoxy- e
carbonyl - 8' - acet oXy-spiro[indoline-2, 3" -[3H naphth[ 2,1 - b]""—
[ 1, 4] oxazi ne] 207nis SheetHas Bee(ng?)e lackd PT Opyl 3, 3:di net hyl

car.bonyl -8 ' -acet OI luHNlﬂEg |ne 2,3 "-( ?Wﬁaﬁ%&ﬂ’f {1123' 1"".[3

[ 1, 4] oxazi ne]; 1- propyl SHEPLACED
3,3,5,6)- tetrarreth
carbonyl - 8' - acet oxy-spi ro[ i ndol i ne-2, 35-{ 3H] napht h[ 2, 1- b] -
[1, 4]oxazine] (i) 1-nmethoxyethyl -3, 3-di met hiyl -
car bonyl - Bate:d]eazﬂylkgm sP+cr30a1md¢Idrn F&m}ﬁﬁknﬁg)hhb[&o&pb]«on
[ 1, 4] oxazi D@é eB 1s Cd_-C3 alkyl QJJr)allyl'al Xll is %yﬁpésretq(.:y&l Eh Xl¥<
' -benzyl oxycar o
8' -chlor oa@étr@xyzmpn ofi(Adbl Vhesein 2 1t Tuf@mphkti[2, 1- b] [ 1, 4] oxazi nel .

5 8. The photochromic article of Claim 7 wherein R; is
“methyl or propyl; each Ry is methoxy or methyl; R3 and R, are each
methyl or ethyl; Ry is methyl; and 2 is methyl.

9. The photochromic article of Claim 8 wherein the
10 organic host material is a golid transparent homopolymer oz
copolymer of diethylene glycol bis{allyl carbonate), poly
(4,4'dioxydiphencl-2,2~propane), poly(methylmethacrylate),
polyvinylbutyral or a polyurethane.

1S 10. The photochromic article of Claim 9 wherein the
photochromic compound is present in an amount of from about 0.15 teo
0.35 milligrams per square centimeter of organic host material
surface to which the photochromic substance(s) has been applied.

20 11. The photochromic article of Claim 10 wherein the

article is a lens.

12. A photochromic article comprising a solid transparent
polymerized organic host material and a photochromic amount of each
25 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 represented by the following graphic formula:

HIIIIII HIIII IIIII IIIII | IIII
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A photochromc article conprising a polyneric hoglﬂ,ﬂ”
photochrondcuannuﬂ%"ﬁf—a“naphthoxazine o HASqﬁﬁN serit
f ol.l owi ng gnlap |G Bl Raced S T REPLAbED

10

15

20

25

30

T

- 26 -
R R
3 R‘
__N
(o
Ry
wherein:

(a) Ry is Cy=Cg alkyl, phen(C{~Cylalkyl,
naphth(C;~Czlalkyl, allyl, acrylyloxy(C;-Cglalkyl ,
methacrylyloxy(Cy~Cglalkyl, Cy~C, acyloxy(Cy-Cglalkyl,
carboxy(C,-C¢lalkyl, ;yano(cz-cs)alkyl, hydroxy(Cy-C¢)alkyl, C;—Cg
alkoxy(C,=C,lalkyl or (c2360)m-ca3, wherein m is an integer from 1
to 6;

(b) each Ry is C1-Cs alkyl, Cy-Cs alkoxy, nitro, cyano,
C,-Cg alkoxycarbonyl, C1-C, acyloxy, halo, C;~C, monohaloalkyl or
C1-C4 polyhaloalkyl;

(c) Ry and R, are each C;-Cg alkyl, benzyl, phenyl, mono-
or di-substituted phenyl, said phenyl substituents being C;-C5 alkyl
or cl-cs alkoxy, or Ry and R, taken together form a cyclic ring
containing from 5 to 8 carbon atoms which includes the spiro carbon
atom, noerbornyl or adamantyl;

(d) Rg is the group -C(0)X, X being -0Ry or -N(Rg)Ry,
wherein Ry is allyl, C;~C; alkyl, bemnzyl, C{-Cq alkyl substituted
benzyl, C;-Cq alkoxy substituted bdenzyl, Ci—Cs alkoxy(cz—ca)alkyl,
or C1-Cq haloalkyl, and wherein Rg and Ry are each selected from
hydrogen, Cy-Cg alkyl, CS-C7 cycloalkyl, pheayl and substituted

HIIIIII HIIH IIIH HI!I H llll



Rerr] is Cerr].Glert]oalkyl Lorr] wher el n: REPLACEMENT (GFET
Rlerr] is C[err er. alﬁgpll phen( J errlaCA)aklyd- -
naphth(C[err] - ﬂé elyl acrmiS(b&E(iC'ﬁﬂ@ BRANGY 11, 20

met.hacryl yl oxy( L qerr]F d er REPEEEDOXY( ddrr ?'LF()}? &
carboxy(C[err]- F=€f ]

yano(C[ r=Cerriyarkyr,
hydroxy(C[ err] - C[err])al kyI Cerr]- al koxy(C[err]-C‘err])aI kyl or

(CTerr]H40)[err] ' CH err] wher ei n mi‘s?-én-integer froml Sp
phenyl, or Rg and Ry 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 nitrogeun atom
alone or one additional hetero atom of ﬁitrogen or oxigeﬁ, s53id

S pheayl and heterocyclic ring substituents being selected from C1~Cs
- alkyl and C;-C¢ alkoxy;

(e) Ry is the group, -0-Y, wherein Y is hydrogen, C1-C¢
alkyl, benzyl, C1~Cg alkyl substituted beazyl, C1~Cq alkoxy
substituted beazyl, C;-Cg alkoxy (CZ—CA) alkyl, Cy~Cg haloalkyl,

10 allyl or the group, -C(0)Z, wherein Z is Cy-C¢ alkyl, phemyl, Cy-Cg
alkyl substituted phenyl, Cy1-Cg alkoxy substituted phenyl, C1-Cg .
alkoxy, phenoxy, €1-Cg alkyl subsgtituted phenoxy, cl—cs alkoxy
substituted phenoxy, C;-C¢ alkylamino, phenylamino, C;-Cg alkyl
substituted phenylamine, or C;~Cg alkoxy substituted phenylamino; and

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

being chloro, fluore, isdo or bromo.

13. The photochromic article of Claim 12 wherein the
organic host material is polymer of pelyol{allyl carbonate)

20 monomers, polyacrylates, poly(alkylacrylates), polyfunctional
acrylate monomers, cellulosé acetate, cellulose triacetate,
cellulose acetate propionate, cellulose acetate dutyrate, poly(viayl
acetate), poly(vinyl aleohol), poly(vinyl chleride), poly(vinylidene
chloride), polycarbonate, polyurethane, poly(ethylene

25 cerephthalate), polystyrene, copely(styrene-methylmethacrylate),
copoly(styreﬁe-acrylonitrile), polyvinylbutyral, or a polymer of
diallylidene pentaerythritel.

14. The photochromic article of Claim 13 wherein Ry is
30 allyl, Cy-C3 alkoxy(Cy-C,lalkyl or Cy-C3 alkyl; R3 and R, are each
Cy-C3 alkyl or Ry and R, taken together form a cyclic ring '
containing from 5 to 7 carbou atoms which includes the spiro carbon
atom; each Ry is Cy-C3 alkoxy or Cy~C; alkyl; X is the group, -ORy,
wherein R; is €,=C3 alkyl or allyl; and Y is hydrogen, C;-C3 alkyl
35 or the group, -C(0)Z, wherein Z is Cy~Cy alkyl.
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(b) each Rerr] is (Jerr]-Jerr] alkyl, (err]-C5 al koxy, nitro
Cerr]-Cerr] alkoxycarbonyl, Cerr]-C4 acyloxy, halo,
nonohal oal kyl or Thnssﬂte!nsrl;ee epheefl pol yhal oal kyl ;
Rlerr] are each C[ benzyl phenyl , nono-
phenyl, said phen belng C[err] C[err] al kyl
group se ected fr errj- C[err] al koxy, or R3 an
together fornra/cycllc rlng 30 - fromb5 to 8 canbon atons mhlch
i ncl udes the spiro carbon atom nor bor nyl or adamantyl;
(d) Rerr] is the group -C(OQ X, X being -OR7 or -N(Rerr])Rerr],
wherein R err] i s 8] yThe Ghotdhabhiel artiene W, Cldim(Cos shéydiosrpsitsi t ut ed
o Koxy{ f e L R e ) SR A G ng e s
methyl or ethyl; R7 is methyl; and Z is methyl.

S

16. The photochromic article of Claim 15 wherein the
organic host material is a solid transparer;t homopolymer or
copolymer of diethylene glycol bis(allyl carbonate), poly
(4,4'dioxydiphenol-2,2-propane), poly(methylmethaerylate),

16 polyvinylbutyral or a polyurethane.

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 waterial

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

20
19. The photochromic article of Claim 18 wherein the

article is an ophthalmic lens.
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or (Jerr]-C6 hal oal kyl, and wherein R err] and RO are each selected from
hydrogen, ([err]-(err] alkyl, C5-Cferr] cycloal kyl, phenyl and substituted
phenyl, or R8 and Rferr] together With the nitrogen forma substi.
or unsubstl tuted/ heterocyclic ring containing fromb5 to; rFiE@ A@W@HEET i
which ring includes as the hetero ato |

erﬁqi FES ?;i'ﬂyl

addi tional hetero atom of nitrogen or
heterocyclic ring substituents being s L
and C[err]-C6 al koxy; (e) Rerr] is the grodp) -0-Y,.where+n |
Y is hydrogen, CJerr]-C6 10 al kyl, bemagiRAcE err]-C6 al kyll STl stltuted ?
benzyl, Cerr]-C6 al koxy substituted benzyl, (err]-C6 lalLkoxy..
(C2-Cerr]) alkyl, (errprdzdchrdmasltarkTHoxaz BiEl ydurouNIshe group, -C(O)Z,
wherein Zis CJerr]-Cferr] alkyl, phenyl, C[err]-C6 al kyl substituted
phenyl, Clerr]-C6 al koxy substituted phenyl, C[err]-C6

Described are novel revergible photochromic maphthoxazine

romd err]

. 5 compounds having improved photocoloraﬁility. Also described are
organic host materials that contain or that are coated with such
compounds. Articles such as ophthalmic lenses or other plastic
trangparencies that incorporate the naphtioxazine compounds or
combination thereof with complementary photochromic compounds, e.g.,

10 naphthopyran or benzopyran compounds, are also described.

This Sheet Has Been Replaced




al koxy, phenoxy, ( err]l-Ca alkyl—substyt ut ed phenoxy, CLerr] C6 al koxy 15
substituted phenoxy, :[wgm_he%!\ﬁ] EyEEm|no a? )L?) #Clerr]-C6 al kyl
substituted phenyl ani ho u. €erT™ leoxy st S%l ed phenylanlno and
(f) n.is the integer}O (ngmggal d jhal o subst Jén Y being chloro,
fluoro; iodo or brono. a. Trﬁumuumhmm-CZQrJUrtel 999

A arm5 wherein the host-~nmdterial is a polynmer of polyol (allyl
car bonat e) nononer q, pol yacryl ates, [poly(al kyl acryl ates), polyfunctional
acryl ate nononers, celdw-ese—acetate; " Cellulose triacetate, cel | ul ose
acetate propionate. cellul ose acetate bwyrate, poly(vinyl 25 acetate),
pol y(vi oyl al cohol ), poly(vinyl chloride), poly(vinylidene chl ori de),
pol ycar bonat e, pol yuret hane, pol y(ethyl ene t erepht hal ate), pol ystyrene,
copol y(styrene- nmet hpHomchroMIy | SHIRD( INDOL INEP ONAPHSHOXAZ IWEE @omBduaDs tril e)

pol yvi nyl butyral, or a pol yner of diallylidene pentaerythritol. 30

7. The photochromc article of daim6 wherein Rerr] is al lyl,

Clerr]-Clerr] al koxy(d err]-C pEgdrredionl om el BVEJEIONerr] al kyl; Rlerr] and
R4 are each5

Q).

The present iaventiom relates to certain novel
spiro(indoline)naphthaxazine compounds. More particularly, this
jnvention relates to novel photochromic spiro(indoliume)
naphthoxazine compounds, and to compositions and articles containing

10 such novel naphthoxazine compounds. When subjected to ultraviolet
irradiation, photochromic compounds become activated and change
light transmission properties. .Subsequently, activated reversible
photochromic compounds revert to their original color or inactivated
state when the ianitial ultraviclet light source is removed.

15 The photochromism of certain spiro(indoline)naphthoxazine
compounds is well known end is disclosed, for example, in U.S.
Patent Nos. 3,562,172, 3,578,602, and 4,342,668. Ihe compounds
described in U.S. Patents 3,562,172 and 3,578,602 are naghthoxazing
derivatives with substituents on the indoline portion of the

20 molecule. U.S. Patent No. 4,342,668 describes nagphthoxazine
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
phoéocolorability, i.e., a relatively large change in optical

25 density between the activated and inactivated state.

The present invention relates to novel spiro(indoiine)
.naphthoxazines which have been found to have-improved
photocolorability and an unexpectedly higher absorption maxima than
the corresponding wmsubstituted compounds. Thase compounds have

30 certain substituents on the 8' and 9' positions of the naphthoxazine

portion of the molecule.

DETAILED DESCRIPTION QF THE IMVENTIQN
In recent years, photochromic plastic materials,
35 parcicularly plastic materials for optical applications, have been

thie subject of considecable attentina. In particular, photochromic



CL-C3 al kyl or Rerr]
of from5 to 7 carbon
- 25 - atom each |RerrT 1s CGetr] alkoxy or err]-Cerr] alkyl;

is the group,

10

15

20

30
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bs the spiro carbon
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alkoxy(cz—ch)alkyl or (CZHAO)M‘CH3, wherein m is an integer from 1
to 6. Preferably, Ry is allyl, C1-C3 alkexy(C,-Cy)alkyl or Cy-C,
alkyl, e.g., methyl, ethyl, prapyl or butyl. Each Ry, may be a Cy—Cq
alkyl, Cy-Cs alkoxy, nitro, cyano, CI‘CB alkoxycarbonyl, cl:bh

“acyloxy, halo, C;-C4 monohaloalkyl or Cl-Ch.polyhalcalkyl.

Preferably, R, is C1-C3 alkoxy, e.g., methéxy, ethoxy or propoxy, or
C1-C3 alkyl, e.g., methyl; ethyl or propyl. The halogen and halo
substituenkts may be chloro, fluoro, ioda or bromo, preferably chloro
or fluorc, and n is the integer 0, 1 or 2.

R and'Rh may each be Cy-Cg alkyl, benzyl, phenyl, mono— or
di-substituted phenyl, said phenyl substituents being C;-Cg alkyl.or
C;-Cs alkoxy, or R3 and R, may together form & cyclic ring
containing from 5 to B carbon atoms which includes the spiro carbean
atom, norbornyl or adamantyl. Prefarably, each Rz and R, is a C1-C3
alkyl, i.e., methyl, ethyl or prupyl, or R; and R, may together form
a cyclic ring containing from 5 to 7 carbon atoms which includes the
gpiro carbon atoﬁ. T

s e the e SR L ST
-N(Rg)Rg, wherein Ry is selected from Cy-C¢ alkyl,/benzyl, Cy-Cg
alkyl substituted benzyl, C;~Cq4 alkoxy substituted benzyl, C;—Cg.
alkoxy(Cy~Cplalkyl, allyl, or C;C4 mono- or di- haloalkyl, e.g., h
chlora, £luors, brome and iodoalkyl, particularly chloro- and
fluoroalkyl, and wherein Rg and Ry are each selected from hydrogen,
C1-Cs alkyl, Cs-Cy cycloalkyl , phenyl, and substituted phenyl, or Rg
and Rg may together with the nitrogen form a substituted or
unsubstituted heterccyclic ring having from S to 6 ring atoms, which
ring includes the nitrogen atom, aad optionally one additiomal
hétero atom of nitragen or oxygen, said pheayl and heterocyclic ring
substitutents being €1-Cs alkyl or Cy~Cg alkoxy. Preferably Ry is
allyl or Cy-C3 alkyl. : '

Rg is the group, -0~%, wherein Y may be hydrcgen, CL"CG
alkyl, benzyl, C1-Cq alkyl subscituted benzyl, C ~Cg alkoxy
substituted benzyl, C1~Cg alkoxy (CZ—CQ)alkyL, C-Cg haloalkyl,

e.x., chlore, fluoro, bromo or indoalkyl, allyl or the group,

Substitute sheet - 24- June 1999
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wherein R7 is ([err] I ¥ME§{S§h I}, and Y is hydrogen, Cerr]-C3 al kyl
or the group, -C(O) Z 2! La-dl -iC3. alLkyl. 5 8. The
photochrom c articleloff Claim?7 wherleiln Rlerr] is nethyl or propyl; each
Rlerr] .is methoxy or |met hyl; JiR}e999] land Rierr] nmet hyl or
ethyl; R7 is nmethyl; ardmZ/ i s methyl} " Sabs;"t“"‘i‘QShee’tTh%" gHBe dHDni ¢
artlcle of CLaim 8 mﬁer T tThe 10 host material is a solid

t ranspar.ent honopol yrfer or cooolvnbr of diethyl ene glycol bls(afLyI
carbonate), poly (4, 4" di oxydi phenol - 2, 2- propane),

pol y( et hyl net hacryl at e), pol yvi nyl butyral or a pol yuret hane. 15

10.  The ‘phot oat00®] Gihakéinck eisot, G, 841%9 Wheral ,ncf i% alkylphﬁﬂﬂ@bﬂw C

conmpound is pr t dna.an un rom.about 0. 32, mlligrams
per square centi ﬁgt d 176§ a1y “bsgl‘h“e? P‘“‘-{‘lgirj al @y, pfiadRy]

CL'CG alkyl subgtituted phenoxy, C1-Cs alkcxy substituted pbenoty,
C1-Cq alkylaminoe, phenylamiao, C1-Cq alkyl substituted phenylamzno

S or Cl—Cé alkoxy substituted phenylaminc. Preferably Rg is the
‘group, -0-Y, wherein Y is hydrogen, C{-Cj al%yl or the group, -C(0)Z,
wherein Z is C;-Cj alkyl, e.g., methyl. As used in the spacification
and claims herein, the term alkyl is intended to include linear and
branched alkyls. '

10 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 iocdide, in
dimethylformamide (DMF) followed by nitrosation using sodium nitrite

15 and acetic acid in methylene chloride to yield the correspounding
3,7-dihydroxy-8§-aitroso 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 macterial with a Fisher's Base, as shown

20 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 Rg substituent at the 8' position.



surface to which the photochrom c substance(s) has been appli ed. 20
11. The photochromc article of m 10 wherein the article is a

| ens. E%EACEMENTQﬂﬁfmc romc article conprising a solid

t ranspar ent pol ost naterlaL and a photthronlc anount
of each 25 of (a) alf rst ph %gg mic subst anSHPRREMeSheet 44 Jyrg 19

phot ochrom ¢ subst ahc Qb (iindol i ne) napht hopyr an,

spi ro(indol i ne) benzop ranL“ﬂpLLa

spi ro(indoline)benzgxazine or a chro

ddl i ne) pyri dobenzoxazi ne,
conpound represente f-ot+owi Ty

ne, and (b) a napht hoxazi ne
-gmaphlc f or mul a:

I claim;

5 1. A naphthoxazine compound repregented by the following

graphic formula:

10

(R3)a
15

20 whereinz

(a) R, is C;-Cg alkyl, phen(C;-C,)alkyl, naphth
(Ci—ca)alkyl, allyl, acrylyloxy(cz-cs)alkyl,
methacrylyloxy(C,~Cglalkyl, C1=Cy acyloxy(C,-Cg)alkyl,

25 carboxy(C,-Cglalkyl, cyano(C,-Cglalkyl, hydroxy(cz—cs)alkyl C1—<g
 alkoxy(Cy-Cplalkyl or (C4H,0),"CHy, whereia-m is an integer from 1
to 63

(b} each R, is C;-Cs alkyl, C;-Cs alkoxy, aitro, cyazno,

C;—Cg alkoxycarbonyl, Ci-C, acyldxy, halo, C1-C4 monohaloalkyl or
30 Cy-Cy polyhaloalkyl;

(c) Rj3 aand Ry are each C;-Cs alkyl, benzyl, phenyl, momno-
or di-substituted pheayl, said phenyl S;%;ﬁégéir%imFglng C1-Cs alkyl
or Cy~Cq alkoxy, or Ry and R, taken together form a/c;cllc ring

‘of. from 5 to 8 carban atoms which includes the spiro carbon

35 atom, nocbornyl or adamantyl;

T
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(d) Rg is the group -C(0)X, X being -ORy or -N(Rg)Rg,
wherein Ry is allyl, C;-C4 alkyl, beazyl, CL'CG alkyl substituted
benzyl, Cy-Cq4 alkoxy substituted benzyl, CL'CG alkcxy(Cz—Cb)alkyl
or Cy~Cq haloalkyl, and wherein Rg and Rg are each selected Trom
hydrogen, C;-Cq alkyl, C5-Cy cycloalkyl, phepyl and substituted
phenyl, or §ﬁu§§d Rg together with the aitrogen form a substituted
or unsubstituted/heterocyclic ring containing from 5 to & ring
atoms, which ring includes as the hetero atom said nitrogen atom
alone or one additioﬁal hetero atom of nitrogen or oxygen, said
phenyl and heterocyclic ring substituents being selected from C;-Cg
alkyl and Cy-Cg alkoxy;

(e) Rg is the group, -0-Y, wherein Y is hydrogen, C1—Cqg
alkyl, benzyl, C;—Cg alkyl substituted benzyl, C;—Cg alkoxy
substituted benzyl, C;-C4 alkoxy (Cz“ca) alkyl, C;-Cq4 haloalkyl,
allyl or the group, -C(0)Z, wherein Z is C;-C4 alkyl, phenyl, C;-Cq4
alkyl substituted phenyl, C;~Cg4 alkoxy substituted phenyl, C;{-Cgq
alkoxy, phenoxy, C1-Cq alkyl substituted phenoxy, C;-Cg alkoxy
substituted phenoxy, Cy;-Cq alk&iamino, phenylamino, C;-Cg alkyl
substituted pheaylamino, or C;—Cg alkoxy substituted phenylamino; and

(£) n is the integer O, 1,.or 2, said halo substituents )

being chloro, fluore, iode or bromo.

2. A naphthoxazine compound according to Claim 1, wherein
R, is allyl, C;—Cj3 alkoxy(cz—ca)alkyi or Cy-C, alkyl; Ry and R, are
each C;-C3 alkyl or Rj and Ry taken together form a cyclic ring
’ of £from 5 to 7 carbon atoms which includes the spirc carban
atom; each R, is C;-C3 alkoxy or C1-C4 alkyl; X is the group, -ORy,
wherein R; is Cy-C3 alkyl or allyl; and Y is hydrogen, C;-C3 alkyl
or the group, -C(0)Z, wherein Z is Cy-Cjy alkyl.

3. A naphthoxazine compound according to Claim 2, wherein
Ry is methyl or praopyl; each Ry is methoxy oI mechyl; Ry and R, are
each methyl or schyl; Ry is methyl; aad 71 is methyl.

Hllllll IHIII lllﬂ Hlll H Illl
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[err] 15

wher ei n: a) Rerr] is (Jerr]-C8 alkyl,

phen(Cerr]- C[err])al Lf,\GEMLi\ﬁaﬁﬁﬁm(:[el’l’]-C[el’l’])aJ kyl, allyl,

acryloxy(derr]-Cetr ey metih

icrylyloxy(Clerr]-0C6)al kyl, Cerr]-C4

acyl oxy( err] - C6) al ky kﬁM@\@‘ﬁ'? xy(aerr] C6 ) al kyl

cyano(C err]
al koxy(d err]
i nteger,from

al kyl, derr]

-Cerr])al

: y(Clerr]-08) al §ybstlt@[f%ﬁhfef062éolune1999
-CA)al kyl or_(Clerr]lHlerir]Of[err]CHerr], wherein mis_ an
1 tq 6; (b) each Rerr] is (Jerr]-(err]

- d er r JLalkexyy—nttro7Tyano, Cerr]-Cerr] al koxycarbonyl,

-

Clerr]-C4 acyloxy, halo, Clerr]-C4 monchat oal kyl or

10

20

25

30

4, A naphthoxazine compound wherein the compound is
(a) 1,3,3,4,5( or 1,3,3,5,6,)-pentanethyl-9'—amethoxy-
carbonyl-8'-hydroxy-spiro(indoline-2,3'~(38)naphth(2,1-b](1,4]-

oxazinel;

(b) 1l-propyl-3,3,4,5(or 3,3,5,6)-tetramethyl—-9'-methoxy-

‘carbonyl-8'-hydroxy-spira(indolina-2,3'~({3H]napheh(2,1-b1(1,4]-

aoxazine];

(e} 1,3,3,4,5( or 1,3,3,5,6,)-pentamethyl-%’'-methoxy-
carbonyl-8'-methoxy-spiro(indoline-2,3'~{3H]naphth(2,1-b][1,4]
oxazine];

(d) l-propyl-3,3,4,5Cor 3,3,5,6)-tetramethyl—9 '-methoxy~
carbonyl-8'-methoxy-spirs [indoline—z ,3'=(38]naphth(2,1-b][1,4]-
oxazine];

(e) 1,3,3,4,5(0r 1,3,3,5,6,)=pentanethyl-9'~methoxy~
carbonyl-8'-acetoxy-spiro{indoline~-2,3'-(3Klnaphtr(2,1-b](1,4]1~-
oxazine];

(£) 1l-propyl-3-ethyl-3-methyl-9‘'-methoxy-
carbonyl-8'-acetoxy-spiro(indoline~2,3'~-(3H]naphth(2,1-b]~
(l,4)oxazine]; '

(g) l-propyl-3,3-dimethyl-S ~me thoxy~9 ' -methoxy-
carbonyl-8'-ace toxy—spiro[indoline—z:é .'.—[31{]naph:h[2,l-—b]—-
{1,4]oxazine];

(k) 1l-propyl-3,3,4,5(er 3,3,5,6)-tetramethyl—9'-methoxy—-
carbonyl-8'-acetoxy-spiro(indoline-2,3'~{3H]Inaphth(2,1-b]-
{1,4]lonazine];

(1) 1l-methoxyethyl-3,3-dimethyl-9'-allyloxy-
carbonyl-8'-benzoyloxy-spiro{indoline-2,3'~[38)naphth(2,1-b]-
{1,4)oxazine]l; or

(i) 1l-allyl-3,3-spirocyclohexyl-9'-benzyloxycarbonyl-

8 “chloroacetoxy-spire(indoline-2,3'-(3K]aaphth{2,1-b] L ,hl.oxazine] .

Hll\ll\ \\\I\\ I||\\ \\I\I \\ \II\



Cerr]-Cerr
Cerr]-Cerr
sai d phenyl

5 to 8 carbon atons whijc

] pol yhal oaI kyl ;. 25 (c) R3 and Rlerr] are each

] al kyl, Eﬂ%lcFMWEISHEET nono- or di-substituted phenyl,
substit ue bei+-ng \,Lcrr] Cerr] alkyl or (Jerr]-C5 al koxy,

or Rerr] and R err] |taken toget farmalcyclic. ri
2 i a8g ¢

o
hel spi r o XkshbHe s%eggc-”all— HBPBIRA

from -

or

adamantyl ; 30 (d). _Rerr]tijs the group -C(O X, X being - CR[err]

or -N(R[err]
Cerr]-C6 al
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(Rlerr], wherein R7 is fallyl, Cerr]-C6 alkyl, benzyl;

kyl substl-t-uted benzy- _Chgr.r] C6 al koxy substltut ed benzyl ,
CL-C6 al koxy(C err]-Cerr])alkyl, or (Jerr]-C6 haloal kyl, and wherein
R[err] .and RO are ea6h sel goitechfondenartidipdeagensidg erpo]yefier mpsal kyl ,

- ¢ CyC| oaldeyl -1 ANGRY s BQ&O%HPO%&I L6 of o naphthoxazine compound

represented by the following graphic formula:

(Rz)n

wherein:

(a) Ry is Cy-Cg alkyl, phen(C{—Cqlalkyl,
naphth(Cy~Cylalkyl, allyl, acrylyloxy(C,-Cglalkyl,
methacrylyloxy(C,~C¢lalkyl, € =Cy acyloxy(Cy~Cglalkyl,
carboxy(C,-Cqlalkyl, cyano(C,~Cglalkyl, hydroxy(C,~Cglalkyl, Cy-Cq
alkoxy(C,-Cylalkyl or (CZHQO)M'CH3, vherein m is an integear from 1 .
to 63

(b) each R, is Cy—Cg alkyl, C;~Cg alkexy, nitro, cyano,
€1-Cg alkoxycarbanyl, C,-C, acyloxy, halo, C;-C, monchaloalkyl or
C1—C4 polyhaloalkyl; '

(¢} R3 and R, are each C}-Cg alkyl, benzyl, phenyl, mono-
or di-substituted phenyl, said pheayl sugﬁiftuﬁqts b%ﬂnF C1-Cs5 alkyl
or C;-Cs alkoxy, or Ry and R, taken together form a/cyclxc ring

of from 5 to 8 carbom atoms which includes the spiro carbon
atom, norbaornyl or adamantyl;

(d) Rg is the group -C(0)X, X being -OR; or -N(Rg)Rg,
wherein Ry is allyl, C1-Cq alkyl, benzyl, CL"CG alkyl substituted
benzyl, C;-C¢ alkoxy substituted beazyl, C-C¢ alkexy(C,-C,)alkyl,

|



phenyl, or Rerr] and R err] together with the nitrogen forma substituted
or unsubstituted/ heterocyclic. ring-centaining from5 to 6 ring at ons,

whi ch ring includes f@s éwg{;@mt\gr QH@TO h sai d nitrogen atom al one or one
addi ti enal hetero at )r# .“‘"b.. r {oxygen, said 5 phenyl and
heterocyclic ring substi tuent s g del ect ed OubRiitite ghept 24 Jun&y998nd
Clefr]- CGaIkoxy F{err] Is the group, -OY, wherein Y is
hydr ogen, C[ err]- kyI benz Clerr]-Clerr] al kyl substituted
benzyl, Cl-C6 al koxy substltut ed be zybhae LCJerr]-C6 al koxy (CJerr]-C4)
al kyl, Cerr]-C6 hal dal kyl...10-aH-+—or the group, -C(OZ, wherein Zis

d er r] Cerr] at RyFCq ladoalkyl C[aed ru]hemn Rg ah&\Ry stbstcl edde phiefiybn
To]- G o iopspiEl e, Qe podiiew wolerae
phenyl, or Rg and R togethe: with the nztrogen form a substitubted
‘or unsubstxtutedl?eterocyclzc ring contaznxng from 5 to 6 ring
5 atoms, which ring includes as the hetero atom said nitrogen atom
* alone or one additional hetero atom of nitéogen or oxygen, said
phenyl and heterocyclic ring gubstituents geing selected from C1-Cs
alkyl and C1-Cg alkoxy;
(e) Rg is the group, -0-Y, wherein Y is hydrogem, Cy-Cq
10 alkyl, benzyl, Ci—Cs alkyl substituted beanzyl, C1-C¢ alkoxy .
substituted benzyl, C;-C¢ alkoxy (C,-C,) alkyl, C;-C¢ haloalkyl,
allyl or the group, -C(0)Z, wherein 2 is Cy-Cg alkyl, phenyl, C;-Cq4
alkyl substituted pheayl, €;-Cg alkoxy substituted phenyl, Cyj-Cg¢
alkoxy, phenoxy, C1~Cg 2lkyl substituted phenoxy, C1-Cg alkoxy
15 substituted phenoxy, C1-C¢ alkylemino, phenylamino, C;—Cgq alkyl
substituted phenylamino, or Cy—Cq alkoxy substituted phenylaminc; and
(£) n is the integer 0, 1, or 2, said halo substituents

being chlore, fluore, iode or bremo.

20 6. The photochromic article of Claim 5 wherein the
host material is a polymer of polyol(allyl carbonate)

monomers, polyacrylates, poly(alkylacrylates), polyfunctional
acrylate monomers, cellulose acetate, cellulose triacetate,
cellulose acetate propionzta, eellulose acetate butyrate, poly(vinyl

25 acetate)}, poly{vinyl alcchol), pciy(vinyl chloride}, poly(vinylidene
chloride), polycarbonate, polyurethane, poly(ethylene
terephthalate), polystyrene, copoly(styrene—methylmethacrylate),
copoly(styrens—acrylonitrile), polyvinylbutyral, or a polymer of
diallylidene pentaerythritol.

30

7. The photochromxc article of Claim 6 wherein Rl is

allyl, C;—C3 alkoxy(C,-C,lalkyl or C{-C, alkyl; Rj and R, are each
€, -C3 alkyl oc Ry and R, taken together form a cyclic ring

of from 5 to 7 carbon atoms which includes the spiro carbon

* c L M s *



substituted phenoxy, err] Clerr] al kyl am no, phenylamno, C[err]-C6 al kyl
substituted phenyl am =€C86al koxy substituted phenyl am no; and
15 (f)" ni ﬂﬁﬁﬁﬂﬁfgﬁ% Wetl 4, or 2, said halo substituents

bei ng chloro, fluoro, {i §d0 or brono. 13. The photochrom c
article of daim12 whel e?ﬁwtmé 4599 dr dani ¢ héstbshitutersheiet - 2Apduipendrd 9

pol yol (al Iyl carbonat ¢) nonomners, polyacrylates pol y(al kyl acryl at es),

pol yfungcti onal acryl ate—rerorersTcel | ul ose acetate, cellul ose - .
triacetate, cel lul ¢se acetate propi gnate, cellul ose acetate butyrate,
pol y(vi nyl acet at e) ;7 pory(vi nyl _al cohdp)s= poI y(vinyl chloride),

pol y(vinylidene chl ori de pol ycar bonat e, ur et hane, Iy(ethylene 25
t er epht hal at e35°pot3rst 2 érieC1-€a %’(’ét"fr%@a n‘h’tkﬁ;i ﬁe%ﬁaﬁ'ﬁ‘f’y?%{“@) -0

copol y(styreneexeiy|fgniié 0 ey alpal yyialyybuaye at is aiydacdal, yOpiCy oilkyl

diallyli dene ri - - The phot ochrom c article
of O aim13 e:}tg?nézéﬁxg tC?JJ)Z herein Z ia Cy Cy%&ky

S 8. The photochromic article of Claim 7 whereia R is
) methyl or propyl; each R, is methoxy or metkyl; R and R, are each
methyl or ethyl; Ry is methyl; and Z is methyl.

9. The photochromic article of Claim 8 wherein the
10 . host material is a solid trausparent homopolymer or
copolymer of diethylene glycol bis(allyl carbonate), poly
(&4,4'dioxydiphenocl-2,2~propane), poly(methylmethacrylate),
polyvinylbutyral or a polyurethane.

15 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 host material

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

20 11. The photochromic article of Claim 10 wherein the

article is a lens.

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

compound represented by the following graphic formula:

llllllll |!|l|l IIIII HIII | lIIl



30 allyl, Cerr]-C3 alLkoxy((err]l-Clerr])alkyl or (Jerr]-C3 alkyl; R3 and

R4 are each
cyclic ring

' b t ony h I g
X1 < the group, -oR7.] | 2indvB %

C[err]-@pgmgbggatrk&{&%@r Rlerr] and R4 taken together forma
e+—F+rofr5—t01 7| carbon at ons whi ch includes the
C[err]-C3 al koxy or (Jerr]-C3 al kyl;

5 (] er r] -Sibsaltltglshetal 2y Uunanbod i s -

\"&J

hydrogen, Clerr]-Clerf]ialkyl 35 orithe group, -C(OZ, wherein Zis

derr ]_-_=C[ err] aLkyL.
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(R3)a

wherein:

(a) Ry is C;~Cg alkyl, phea(Cy-Cjlalkyl,
naphth(C;~Cylalkyl, allyl, acrylyloxy(C,~Cglalkyl ,
methacrylyloxy(Cy-Cglalkyl, C{-C, acyloxy(Cy—Cglalkyl,
carboxy(C,y-Cglalkyl, cyano(Cy-Cqlalkyl, hydroxy(C,-Cglalkyl, C;—Cq4
alkoxy(cz—ca)alkyl or kCZE&O)m‘CH3, wherein m i§ an integer frem 1
to 6; '

(b) each Ry is €1-Cs alkyl, C;-C5 alkoxy, nitre, cyano,
Cy-Cg alkoxycarbounyl, C;~C, acyloxy, halo, C;~C, monohaloalkyl or
C;-C, polyhaloalkyl; _

(<) ﬁ3 and R, are each C;—Cg alkyl, benzyl, phenyl, mono-
or di-substituted phenyl, said phenyl subgtitaﬁgésgggééé g%ai; alkyl
or C;—Cg alkoxy, or Ry and R, taken together form al?yclic rigg

of from 5 to 8 carbon atoms which itcludes the spiroc carbon
atom, nerbommyl or adamantyl;

(d) Rg is the group ~C(Q)X, X being -OR; or -N(RB)Rg,
vherein Ry is allyl, Cy~Cq alkyl, benzyl, C;-Cq alkyl substituted
benzyl, C;-C¢ alkoxy substituted beazyl, C;-Cg alkaxy(Cy-Cqlalkyl,
or Cy-Cq haloalkyl, and wherein Rg and Rg are each selected from
hydrogen, Cy-C5 alkyl, Cs=Cy cycloalkyl, phenyl and substituted

QT
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phenyl, or Rg ggd %&Kfogehher with the nitrogen form a substituted
or unsubstitute%[pecerocyclic 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 oxfgeﬁ, sdid

pheayl and heterocyclic ring substituents being selacted from CL'CS

“alkyl and C;-Cg alkoxy;

10

15

20

5

30

(e) Rg.is the group, =0-Y, whersin ¥ is hydrogea, Cy-Cg
alkyl, benzyl, C;-Cg alkyl substituted benzyl, C;-Cg alkoxy
substituted benzyl, Cy-Cg alkoxy (C,-Cg) alkyl, C;-Cg haloalkyl,
allyl or the group, -C(0)Z, wherein Z is C;-C4 alkyl, phenyl, C;—Cq
alkyl substituted phenyl, C;-Cg alkoxy substitutad phenyl, C;-Cg .
elkoxy, phenoxy, C;—Cg alkyl substituted phenoxy, C,-Cg alkoxy
substituted phenoxy, C;-C¢ alkylamino, phenylamino, Cy=Cg alkyl
substituted phenylamine, oz €1-C¢ alkoxy substituted phegylamino; and

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

being chlorao, flusre, iodo or bromo.

13. The photochromic article of Claim 12 wherein the
organic host material is pclfmer of polyol(allyl carbonate)
monomers, polyacrylates, peoly(alkylacrylates), polyfunctional
aérjlate monomers, cellulase acetate, cellulose triacetate, )
cellulose acetate propionate, cellulose acetate dutyrate, poly(vinfl
acetate), poly(vinyl alechol), poly(wiayl chleride), paly(vinylidene
chloride), polycarbonate, polyurethane, poly(ethylene
terephthalate), polyétyrene, copely(styrene-methylmethacrylate),
copoly(styrene-acrylonitrile), polyvinylbutyral, or a polymer of
diallylidene pentaerythrital.

lé. The photochromic article of Claim 13 whereim Ry is
allyl, C;-C3 allkoxy(Cy-Cqlalkyl or Cy-C3 alkyl; R3 and R, are each
Cy-C3 alkyl or R3 and R, taken together form a cyclic ring
of from S to 7 carbon atoms which includes the spire carben
atom; each Ry is €;~C3 alkaxy or C1-C3 alkyl; X is the group, —ORgy,
wherein Ry is Cy~Cy alkyl or allyl; aad ¥ is hydrogen, C1-Cy alkyl
or the group, -C(0)Z, whecrein Z is Cy—Cqy alkyl.

R
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ABSTRACT
PHOTOCHROMIC SPIRO(INDOLINE) NAPHTHOXAZINE COMPQUNDS

Described are novel reversible photochromic spiro(indoline)
naphthoxazine compounds of improved photocolorability that may be

graphically represented by the formula,

(Rzda

In preferred embodiments, Ry is allyl, alkoxyalkyl, and alkyl; each R,
is alkyl or alkoxy; Ry and ﬁh are alkyl; Rg is alkoxycarbonyl; and R6 is
hydroxy, alkoxy, or carboxy, e.g., acetoxy. Also described are organic
host materials that contain or that are coated with such compounds.
Articles such as ophthalmic lenses or other plastic transparencies that
incbrporate the naphthoxazine compounds or combination thereof with
complementary photochromic compounds, e.g., naphthopyran or benzopyran

compounds, are alsc described.



