PHQTOCHROM C COMPOSI. TI ONS OF | MPROVED FATI GUE RESI STANCE DESCRI PTI @MNs©R ¥HE
| NVENTI ON 5 The prqséﬁ?“rnvgnttgnrrehateS“tﬂﬁphotochronic

conposi ti ons: of--i mpr oved fafig%g;réSi§t&hQé“&nd}'np[e“ﬁartiéularly, rel ates
to organic phqtochronic.conpogtyﬁqhéﬁqdhprisin (1)“a ‘coffbi-pati on of
organi ¢ phot ochroni ¢ conpounds % hat' ‘exhi bi't di fferent” acfivated col ors and
which are usually fromtwo different “organic-phot ochromi-c-famlies and 10
(2) a conbination of nateriaISW{hétVThprovedrheﬁfaurgué~$esfstance of such
phot ochrom ¢ ‘conpounds. Still nore particularly,.this.invention relates to
articles, e.g., ophthalmc |enses, containing such photochromi c
conpositions. When exiB8SQCHROYLE (COMEOSIIAONG | PROVEL, [FAGIGUE RESES]

15 such as the ultraviolet radiation in sunlight or the light of a mercury

| anp, many organi ¢ photochrom c coggounds exhibit a reversible.
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5 The present invention.ielates to photochromic compositions of
improved fatigue resistance and, more particularly, relates to organic
photochromic compositions comprising (1).a combination of organic
photochromic compounds that exhibit different activated colors and
which are usually from two different organic‘photOChromic families and

10 (2) a combination of méterials that improve the fatigue resistance of
such photochromic compounds. Still more particularly, this invention
relates to articles, e.g., ophthalmic lenses, containing such
photochromic compositions. _

When exposed to light radiation involving ultraviolet rays,

15 such as the ultraviolet radiation in sunlight or the light of a
mercury 1amp, many organic photochromic compounds exhibit a reversible
change in color. When the ultraviolet radiation is discontinued, the
organic photochromic compound returns to its original color or
colorless state. Various classes of photochromic compounds have been

20 synthesized and suggested for use in applications in which a
sunlight-induced reversible color change or darkening is desired. For
example, spiro(indoline) pyrido benzoxazine photochromic compounds are
described in U.S. Patent 4,637,698. Spiro(indoline) naphthoxazines
are described in U.S. Patents 3,562,172, 3,578,602, 4,215,010 and

25 4,342,668, Benzopyrans and naphthopyrans having a nitrogen-containing
substituent in the 2-position of the pyran ring are described in U.S.
Patent 4,818,096. All of the aforedescribed oxazine~ and pyran—tybe
organic photochromic compounds are reported to exhibit a color change
of from colorlesé to purple/blue on exposure to ultraviolet (U.V.)

30 light, e.g., sunlight.

Other organic photochromic compounds are reported to exhibit
a color change of from colorless to yellow/orange when exposed to U.V.
light. Exaﬁples of such organic photochromic compounds are
benzopyrans and naphthopyrans having a spiro adamantane group in the

35 2-position of the pyran ring. These spiropyrans are described in U.S.
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change:- in color.. When the ultraviolet radiation is discontinued, the-
organi ¢ photochrom c conpound returns to its original color or colorless
"state. Vari ous :cl asses of photochronic gonpounds have been 20 synthesi zed
and suggested for use in applications in which a sunlight-induced
reversi bl e col or change or darkening is desired. For exanple,
spiro(indoline) pyrido benzoxazi ne photochrom ¢ conpounds are described in
U S. Patent 4,637,698. Spiro(indolihe) napbthoxazines are described in U S
Patents 3,562,172, 3,578,602, 4,215,010 and 25 4, 342, 668. Benzopyrans and
napht hopyrans havi ng a nitrogen-containing substituent in the 2-position of
the pyran rirRptent &82€/97Ged Qthet). 8 1lldatorabgel,c818; idg6orgtintic fhothehromic
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0
reported to exhibit a color change o rom col orl ess to purple/blue on
exposure to ul1068v818-et Thege\compgpnds gpptaip gt leagfopgrgrtho-substituted

phenyl substituent at the 3-position of the pyran ring, preferably a
5 monoortho-substituted phenyl substituent.

As reported in the literature, a major market demand for
ophthalmic lenses are for those that darken to a brown or gray color.
See, for example, UJS;'Patent 4,818,096 (column 2, lines 35-45). In
order to obtain lenses which exhibit such a color change, blends of

10 yellow/orange and purple/blue organic photochromic compounds have been
suggested.

A drawback to the widespread commercial use of organic
photochromic compounds is the loss of their ability to change color as
a result of prolonged repeated exposure to U.V. light, i.e., the

15 organic photochromic compounds lose their photochromism or their
ability to change color and revert to their original colorless state.
The phenomenon is believed to be a result of irreversible
decomposition of the organic photochromic compound and is referred to
as fatigue or light fatigue.

20 ' It has been suggested that the light fatigue resistance of
spiro(indoline)naphthoxazine compounds may be increased by the use of
a hindered amine light stabilizer (HALS) and optionally a complex of
the nickel ion with an organic ligand as a singlet oxygen quencher.
See, for example, U.S. Patent 4,720,356. While the use of a HALS

25 material may improve the light fatigue resistance of a spiro(indoline)
naphthoxazine compound, a similar stabilizing effect for organic
naphthopyran compounds with a HALS material has not been observed.
Consequently, there is a need for a stabilizing system which will
improve the fatigue resistance of a combination of oxazine-type and

30 pyran-type organic photochromic compounds.

It has now heen discovered that the combination of certain
asymmetric diaryloxalamide (oxanilide) compounds and hindered amine
light stabilizer (HALS) compounds in certain proportions and in
certain amounts improve the fatigue resistance of photochromic

35 compositions comprising photochromic compound(s) that color to -

—_—
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Q her organi c photochrom c conpounds are reported to exhibit a col or change
of fromcolorless to yellow orange when exposed to U V. light. Exanples of
such orgaﬁlc phot ochrom ¢ conpounds are benzopyrans and napht hopyrans
havi ng a spiro adamantane group in the 35 2-position of the pyran ring.
These spiropyrans are described in U S -2- Patent 4,826,977. O her

yel | ow orange col oring organi ¢ photochrom ¢ conpounds include the

napht hopyran conpounds described in U S. Patent 5,066,818. These conpounds
contain at | east one ortho-substituted phenyl substituent at the 3-position

of the pyran ring, preferably a 5 nonoortho-substituted phenyl substituent.
purple/blue, i.e., that have minima vigible luminous transmission in

the range of 560 to 630 nanometers, e.g., 580 to 620 nanometers,
preferably about 600 nanometers, and photochromic compound(s) that
color to yellow/orange, i.e., that have mipnima visible luminous

5 transmission in the range of 430 to 520 nanometers, e.g., 450 to 500

nanometers, preferably about 480 nanometers.

. DETAILED DESCRIPTION OF THE INVENTION
Asymmetric dia;yloxalamide compounds that may be used in the
10 photochromic compositions of the present invention are described in
U.S. Patent 3,906,041 and may be represented by graphic formula I.

15

. ~—§©% NHCOCONH @g‘ T

OCrHam 41 CrHane 1

In graphic formula I, m ig an integer of from 1 to 8, n is an
25 integer of from 1 to &, and R; through Rg are each selected from the
group consisting of hydrogen, chloro, bromo, C;-C;o alkyl, C;-C,
alkenyl, C1-C, alkoxy, Cg~Cg aryl, 06—08 aryloxy and phenyl (C;-C,)
alkyl. Preferably Rys Rgy Rys Rg, Ry and Rg in graphic formula I are
methyl, ethyl, propyl, n-butyl, sec-butyl, t-butyl, preferably C1~Co .
30 alkyl, m is an integer of from 1 to 4 and n is an integer of from
0 to 2, e.g., 1 to 2. _
The asymmetric diaryloxalamide compounds of graphic formula I
may be prepared as described in U.S. Patent 3,906,041, column 1, line

5 through column 2, line 22. That process involves the reaction of 1
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As.reported in the literature, a major nmarket demand for ophthal mc | enses
are for those that darken to a brown or gray color. See, for exanple, U S
Pat ent 4, 81%, 096 (colum 2, lines 35-45). In order to obtain | enses which
exhi bit such a col or change bl ends of 10 yel |l ow orange and pur pl e/ bl ue

or gani ¢ photochrom ¢ conpounds have been suggested. A drawback to the

w despread comrerci al use of organic photochrom c conpounds is the |oss of
their ability to change color as a result-of fprol onged repeated exposure to
UV light, i.e., the 15 organic photochrom c conpounds | ose their
photochrom smor their ability to change color and revert to their original
col orl ess st atmwleTdfe ophibivoaeibior = fuhdtdvael derbative euwwht apfani esterera¢isl e
deconposi tion fli?&'%roéé};%@' £a1330Y QRGNS o EAPOH BB t1F e R aER O whPe BS

fatigue or |ight
each of a compound of graphic formulee IA and IB

B

OCmHZm +1 CnHonet

15
Examples of asymmetric diaryloxalamide compounds include those found
in Table I wherein Ry, Rg, Ry, Rg, Ry and Rg are hydrogen.

JABLE 1
20
Compound m n Rj Rg
1 1 1 H. CHjy
25 2 1 2 H H
3 2 2 H H
4 2 1 H CH,
5 2 2 CH3 H
6 6 2 H H
30 7 4 2 H H
"8 1 1 CgHy7 CH3
9 1 2 CgHy7 H
10 2 4(iso) H I :
11 8 1 H CHjy
35 12 4 1 H CHj
13 2 3(iso) H H
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20 . - It has.been suggested that the light fatigue resistance of

spi ro(i ndol i ne) napht hoxazi ne conpounds may be increased by the use of a
‘hi ndered afine tight stabilizer (HALS) and optionally a conplex of the
nickel ion with an organic ligand as a singlet oxygen quencher. See, for
exanple, U S. Patent 4,720,356. Wile the use of a HALS 25 material may

I nprove the |ight fatigue resistance of a spiro(indoline) naphthoxazi ne
conmpound, a simlar stabilizing effect for Sorgani c napht hopyran conpounds
with a HALS material has not been observed. Consequently, there is a need
for a stabilizing systemwhich will inprove the fatigue resistance of a
conbi nati on of oxazi ne-type and 30 pyran-type.organi ¢ photochrom c
conmpounds. It has now been di scovered thgdLet he(ceabiveadi on of certain
asymmetric diaryl oxal am de (oxanilide) conpounds and hi ndered am ne |i ght
stabilizer (HALS) compounds in certain proportions and in

5 Compound m n . R3 Rg
14 2 5(iso) H H
15 2 3 H H
16 1 1 C,4Hg CHj

10 17 1 2 CgHyy H
18 2 1 t~CyHo
19 2 4 t-C,Hg H
20 4 1 H CHg
21 5(iso) 2 H H

15 22 3(iso) 2 H H
23 3(n) 2 H H
24 8 2 H H

- Compound 1 in Table I may be named,

20 o-methoxy-~l'-methyl-oxalic acid bis-anilide; compound 2 may be named,
o-methoxy~o'—-ethyl-oxalic acid bis anilide; and compound 3 may be
named o-ethoxy-o'-ethyl-oxalic acid bis anilide. Compounds 4-24 in
Table I may be similarly named using the same system of nomenclature.

Other asymmetric diaryloxalamide compounds that may be used

25 in the photochromic compositions of the present invention include
those compounds of graphic formula I wherein Ryj—Rg and Rg are
hydrogen, n is 0 (zero) and'R7 is as defined in graphic formula I,
Particularly contemplated is the compound wherein m is 2, and Ry is
isododecyl, which is available commercially under the trade name

30 SANDUVOR 3206.

. Hindered amine light stabilizers (HALS) have been described
principally for use with polyolefins. More recently, U.S. Patent
4,720,356 described their use with spiro(indoline) napthoxazines.

HALS compounds that may be used in the photochromic compositions of

T




certain amounts inprove the fatigue resistance of photochromc 35

conposi tions conprising photochrom c conpound(s) that color to - 3-

‘purpl e/blué, i.e., that have mninma visible |um nous transm ssion in the
range of 560 to 630 nanoneters, e.g., 580 to 620 nanoneters, preferably
about 600 nanoneters, and photochrom ¢ conpound(s) that color to

yel | ow/ orange, i.e., that have mninma visible lumnous 5 transm ssion in
the range of 430 to 520 nanoneters, e.g.,- 450 to 500 nanoneters, preferably
about 480 nanoneters. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Asymmetric

di aryl oxal am de conpounds that may be used in the
the present invention include those described in U.S. Patent

4,720,356, some of which HALS compounds may be represented by graphic
formula II,

5
Ry R
R3 -N N — Rs
Ry \ OC(O)(CHz)n(O)CO Ry II
R, Ryo
15

wherein Ry, Ry, R;-Ry, Rg and Ry, are lower alkyl, e.g., C1~C, alkyl,.
R3 and Rg are lower alkyl, e.g., C;~C, alkyl or hydrogen, and n is an
integer of from 1 to 12. Examples of such HALS materials are .
bis(2,2,6,6-tetramethyl-4-piperidyl) sebacate, i.e., Ry, Rg, R,-R7, Rg

20 and Ry are methyl, Ry and Rg are hydrogen and n is 8, which is sold
under the trade name TINUVIN 770; and
bis(1,2,2,6,6-pentamethyl-4—piperidyl) sebacate, i.e., Ry, Ry, Ra—R7,'
Rg and Ry are methyl, R; and Rg are methyl and n is 8, which is sold
under the trade name TINUVIN 765.

25 Other hindered amine light stabilizers that may be used in
the photochromic compositions of the present invention may be
represented by graphic formula IIA,
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10 phot ochrom c -conpositions of the present invention are described in U S
Pat ent 3,906, 041 and nay be represented by -graphic fornmula I. 15 [err] 20
‘In graphic formula I, mis an integer of from1l to 8 n is an 25 integer of
from1l to 4, and Rlerr] through Rlerr] are each selected fromthe group
consi sting of hydrogen, chloro, bronmo, (Jerr]-Clerr] alkyl, (err]-Cerr]
al kenyl, Cerr]-Cerr] alkoxy, (err]-Cerr] aryl, (err]-Cerr] aryl oxy
and phenyl (Cerr]-Cerr]) alkyl. Preferabhly R err], Rerr], Rerr],
Rlerr], Rlerr] and Rlerr] in graphic fornula | are nethyl, ethyl, propyl,
n-butyl, sec-butyl, t-butyl, preferably CJerr]-Cferr] 30 alkyl, mis an
integer of from1l to 4 and nis an integer of.fromO to 2, e.g., 1 to 2.
The asymetric diaryl oxal am de conpounds of graphic formula I

[

10 ]

wherein R;, Ry, R, and Rg are lower alkyl, e.g., C;—C, alkyl, R3 is
15 hydrogen or lower alkyl and R is a C;-C;g alkyl, e.g., Cyp~Cy, alkyl.
An example of such a HALS material is available commercially under the
trade name SANDUVOR 3052.
A further example of a hindered mine light stabilizer méy be
represented by graphic formula IIB.
20

This Sheet Has Been Reﬁlaced

CH,~CH,-COOR

25 /

IIB
30

wherein R and Ry-Rg are the same as defined with respect to graphic
35 formula IIA. An example of such a HALS material is available
commercially under the trade name SANDUVOR 3050.



t hr ough colunn 2,

may. be- prepared ‘as-described in U S. Patent 3,906,041, colum 1, line 5
line 22. That process involves the reaction of 1 -4-
‘'mol e of oxalic acid (or a functional derivative such as an ester, acid

hal i de or ester

a conmpound of graphic fornulae 1A and IB 5 R3
10 15 Exanpl es of asymmetric di aryl oxal am de conpounds incl ude those

[err]

hal i de) simultaneously or consecutively with 1 mol e each of
R4

f ound

10

15

20

25

30

35

-8 ~

Still other HALS compounds that may be used in the

photochromic compositions of the present invention may be represented

by graphic formula III,

Ry R

RG H R1 1 H R-'
Ry —N l N— Rq

Ra OCCO) - € -~ (0)CO Ry IIT

Ry CH, Rio

- his Sheet Has Been Replaced
17
R1 ¢ OH l Ry3
Ryg Ryg

wherein Ry, Ry, Ry-Ry, and Rg-Ry7 are lower alkyl, e.g., C1-Cy alkyl,
and Ry and Rg are lower alkyl, e.g., Cy~C; alkyl, or hydrogen. An
example of such a HALS material is bis(1,2,2,6,6-pentamethyl-4—
piperidinyl) [3,5-bis(l,1-dimethylethyl~4~hydroxyphenyl) methyl]
butylpropanedioate, i.e., Ry, Rgs Ry-Ry, R9, Rig» Ryp-Rp7 are methyl,
Rj; is butyl, and Ry and Rg are methyl, which is sold under the trade
name TINUVIN 144.

Other HALS materials contemplated are those sold under the
trade name CHIMASSORB 944, the graphic formula for which is described
in column 5, lines 1-25 of U.S. Patent 4,720,356, CYASORB_§346, the
graphic formula for which is described in column 5, lines 26-49 of the
'356 patent, and TINUVIN 622, the graphic formula for which is
described in column 5, lines 50-68 of the '356 patent.

Preferably, the

Such graphic
formulas may be incorporated herein if required.

amine of the hindered amine light stabilizer is a tertiary amine.



in Jable | wherein Rerr], Rerr], Rerr], R[err]., R[err]. and Rlerr] are
hydr ogen. TABLEI 20 Conpound m n

‘R err] ‘ * Rlerr] 1 1 1

CHerr] 25 2 1 2 H

H3 2 2 H HA4
2 1 H CH3 5 2
2 CH err] H6 -9 - 6

H H30 7 4 2

H8 1 1 Cerr]Herr]

CHerr] 9 ' The HALS1and dlaryloxalamige stabilizer materé*kg—ngﬂeianhe
H 10 present composition are incorpbtsX@H in the photbbthromic compositioh

so as to be in close physical proximity to the organic photochromic
compounds used in the composition. This may be accomplished by mixing

5 the stabilizer materials with the organic photochromic compounds prior
to their incorporation into or applying them to an organic host
material, or by sequentially introducing the photochromic compound(s)
and stabilizer materials (in any order) into or applying them to the
organic host material.

10 The total amount of stabilizer materials used in the
photochromic composition will be in stabilizing amounts, and will.
typically range from about 0.3 parts to about 1.5 parts per part of
the total amount of organic photochromic compounds in the composition.
(As used herein, the value part/part is intended to mean parts by

15 weight.) More pafticularly, from about 0.3 to about 1.0 parts of
total stabilizer materials per part of the total amount of organic
photochromic compounds in the photochromic composition are used. The
weight ratio of diaryloxalamide to HALS stabilizer will typically.vary
from about 1:1 to about 3:1, e.g., 2:1.

20 " Spiro(indoline) pyrido benzoxazines and spiro(indoline)
naphthoxazine photochromic compounds that color to purple/blue may be
represented by the following graphic formula IV.

25

R R,
—N —— (Ree
(Ry1dg

30 /
N o Y
| v
Ry

- 35
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il . - - -8 1 H CH err]
CH3

35 12 ) 4 1 H

"13 ) : 2 _ 3(iso) H H

TABLE | (continued) 5 Conpound- m n

R3 R6 14 : 2 5(1 so0) H

H 15 2 3 H H 16
1 1 AH9 - 10 - CH3 10 17

1 2 C8H17 H 18 2

1 t- C4AH9 H 19 2 4

t - CAHO In ghe above graphic formula IV, R; may be selected from the group

consisting of C;-Cg alkyi, e.g., methyl, ethyl, n-propyl, isopropyl,
butyl, etc., phenyl, phen(C;-C,)alkyl, e.g., benzyl,
naphth(Cy—C;Jalkyl, e.g., l-naphthylmethyl, allyl,

5 acrylyl(Cy—Cg¢)lalkyl, methacrylyl- (Cy-Cg)alkyl, carboxy(C,~Cglalkyl,
e.g.y B-carboxyethyl, y-carboxypropyl, S-carboxybutyl,
cyano(Cz—Cs)alkyl, e.g., B-cyanoethyl, y-cyanopropyl,
B-cyanoisopropyl, and §-cyanobutyl, Cy-C, acyloxy(cz—cs)alkyl, i.e.,
[R,C(O)ORy™, wherein R, is a C;-C, alkyl and Ry is a C;—Cq alkyl],

10 e.g., acetoxyethyl, acetoxypropyl, propionyloxyethyl, acetoxybutyl,
and propionyloxypropyl, hydroxy(02—06)a1ky1, e.g., hydroxyethyl,

. hydroxypropyl and hydroxybutyl, (GZHAO)m * CH3, wherein m is a number
of from 1 to 6, and mono- and disubstituted phenyl, said phenyl
substituents being selected from C;-C, alkyl and C;-Cs alkoxy, e.g.,

15 methoxy, ethoxy, propoxy, butoxy and pentoxy. Preferably, R; is
selected from the group consisting of ¢;-C, alkyl, phenyl, benzyl,
l-naphth(C~Cy)alkyl, such as l-naphthylmethyl, carboxy(Cy-C,)alkyl,
cyano(Cy~Cy )alkyl, 01¥Ch acyloxy(Cy—C,)alkyl, e.g., C1-Cy4 .
acyloxyethyl, hydroxy(Cy-C,lalkyl, and (C5H,0), ® CH3, wherein m is a

20 number of from 1 to 3, e.g., 2.

Ry and Ry of the above graphic formula IV may each be
selected from the group consisting of C;-Cg alkyl, phenyl, mono- and
disubstituted phenyl, benzyl, or R, and R3 may combine to form a
cyclic ring selected from the group consisting of an alicyclic ring

25 containing from 6 to 8 carbon atoms (including the spiro carbon atom),
norbornyl and adamantyl. The aforesaid phenyl substituents may be
selected from C;-C, alkyl and C;-C; alkoxy radicals. More
particularly, R, and R3 are each selected from Cy—Cg alkyl, e.g.,
methyl, ethyl, propyl, butyl and pentyl, and phenyl. When one of R,

30 or R3 is a tertiary alkyl radical, such as tertiary butyl or tertiary
amyl, the other is preferably an alkyl radical other than a tertiary
alkyl radical.

Y in graphic formula IV may be carbon or nitrogen. The
number and type of non-hydrogen substituent groups represented by R,

35 will vary depending upon whether Y is carbon or nitrogen. Generally,
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20 . . 4 | 1 H CH3 21

5(i so) B 2 H H 15 22

"3(i so) ! -2 H H 23 3(n)
2 H H 24 8 2
H H Conmpound 1 in Table | may be naned, 20

o- net hoxy-1'-net hyl -oxalic acid bis-anilide; conpound 2 nay be naned,
o-nethoxy-o'-ethyl-oxalic acid bis anilidell and conpound 3 nay be naned
o-et hoxy-o' -ethyl-oxalic acid bis anilide. Conpounds 4-24 in Table |I nmay be

simlarly naned using the sane system of nonenclature. O her asymetric
di aryl oxal ani H'ée’bgnﬁ%l?ﬁﬂ@"c Rash Ray S¥Rstituantomay ket gplested Sam orliecgroup

conposi ti ons e$natibeirr§ eseﬁulog&v,elatgz)ﬁ chD&a}def!lddiG$Q>1€and§— f agk@Rhi C

formula | ei r err are h n_i,S zero) and
Rerr] is as b7 5ngR£ik H]g?' 'I’I RL%{I? Vs propox %%%o:ty and pentgxy,

nitro, cyano, thiocyano, 01—04 monohaloalkyl, e.g., C3-C,

5 monochloroalkyl, such as chloromethyl and chloroethyl, C;-C,
polyhaloalkyl, as, for example, trihaloglkyl such as trichloroalkyl or
trifluoroalkyl, e.g., trifluoromethyl and 2,2,2-trifluoroethyl, and
monoalkylamino or dialkylamino wherein the alkyl moiety of the
alkylamino group contains from one to four carbon atoms, e.g.,

10 methylamino, ethylamino, propylamino, dimethylamino and diethylamino.

The letter "e'" in graphic formula IV is an integer of from O
to 2, e.g., 1, and denotes the number of non-hydrogen R,
substituents. In particular, when "e" is 1 or 2 and Y is carbon, each
R, substituent may Be selected from the group C;-Co alkyl, C;-C,

15 alkoxy, chloro, fluoro, bromo, nitro, and trifluoromethyl. When "e"
is 0 (zerc), there are no R, substituents and all of the aromatic
carbon atoms in the ﬁaphtho group have their full complement of
hydrogen atoms for the aromatic group shown.

When Y is nitrogen; each R, (non-hydrogen) substituent may be

20 selected from C;-Cg alkyl, e.g., C;-Cy alkyl, C;-C5 alkoxy, e.g.,
C1-Cy alkoxy, and halogen, e.g., chloro, fluoro or bromo. Typically,
"e" is O (zero) when Y is nitrogen and thus there are no R,
substituents.

Each R;; in graphic formula IV may be selected from C;-Cy

25 alkyl, halogen, 01-05 alkoxy, nitro, cyano, C1~C, monohaloalkyl, C1-Cy
polyhaloalkyl, C1—08 alkoxycarbonyl, and C;-C, acyloxy, i.e.,
R,C(0)0-, wherein R, is a C-C, alkyl, e.g., methyl. The letter "d"
in graphic formula IV represents an integer that may vary from 0 to &,
e.g., 0 to 2, such as 1 or 2, and denotes the number of non-hydrogen

30 substituents. When "d" is 0 (zero), there are no R;; substituents and
all of the aromatic carbon atoms have their full complement of

hydrogen atoms for the indole group.
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Particularly contenplated is the conpound wherein mis 2, and R7 is

| sododecyl, which is avail able commercially under the trade nanme 30

. SANDUVOR 3206. -Hi ndered ani ne light stabilizers (HALS) have been descri bed
principally for use with polyolefins. Mre recently, U S. Patent 4,720, 356
described their use with spiro(indoline) napthoxazines. HALS conpounds t hat
may be used in the photochrom c conpositions of -6- the present

i nvention include those described in U S~ Patent 4,720,356, some of which
HALS conpounds nmay be represented by graphic fornmula I1

More particularly, spiro(indolino) pyridobenzoxazines (when Y
is nitrogen) may be represented by the following graphlic formula V:

10 (Rqy1' Jg

15

In graphic formula V, Ry, Ry and Ry are the same as defiped
with respect to graphic formula IV. .Eaéh R,' may be selected from
Cy-Cs alkyl, e.g., C;-Cy alkyl, Cy-Cg5 alkoxy, e.g., C1~Cy alkoxy and

20 halogen, e.g., chloro, fluoro or bromo. The letter "e'" may be 0 or
1. Commonly, "e" is 0, and thus, there are no R&‘ substituents. When
"e" is 1, the R, substituent may be located on any of the available
carbon atoms of the pyrido moiety of the pyrido benzoxazine portion of
the compound, i.e., at the 5', 6', 8' 9' or 10' positions, most

25 usually at the 8', 9' or 10' positions.

Each Ryi' in graphic formula V may be selected from the group
consisting of Cy-Cy alkyl, e.g., methyl, ethyl, propyl, butyl and
pentyl, halogen, e.g., chloro and fluoro, C,-Cy alkoxy, e.g., methoxy,
ethoxy, propoxy, butoxy and pentoxy, nitro, cyano, Cy-C,

30 monohaloalkyl, e.g., chloromethyl, fluoromethyl, chloroethyl,
chloropropyl, etc., Cy-C, polyhaloalkyl, e.g., trihaloalkyl, Cy-Cg
alkoxycarbonyl, and C{-C, acyloxy, i.e., RCC(O)O-, wherein R, is a
C{-C, alkyl, e.g., methyl. An example of an acyloxy group is

acetoxy. While any halogen, i.e., chlorine, bromine, iodine and
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5.10 . [err]- 15 wherein Rerr], Rerr], Rerr]-Rerr], Rerr] and
Rlerr] are | ower alkyl, e.g., (Jerr]-Clerr] alkyl, Rerr] and Rlerr] are
‘| ower al kyl, e.qg., C[err] Cerr] alkyl or hydrogen, and n is an integer of

from1l to 12. Exanpl es of such HALS naterials are
bis(2,2,6,6-tetramethyl -4-piperidyl) sebacate, i.e., Rerr], Rerr],
R[err]-R[err], Rlerr] 20 and Rerr] are nethyl, R err] and R err] are
hydrogen and n is 8, which is sold under-thﬁ-trade nane TINUIN 770; and
bis(1, 2, 2,6, 6-pentanethyl -4-piperidyl) sebacate, i.e., Rerr], Rerr],
Rlerr]-Rerr], Rerr] and Rerr] are methyl, Rerr] and R err] are nethyl
and n is 8, wilwiring may| be maddrint hespecde tbermfdrddNdNrgI®Fen 25 haloalkyl

Q her hi ndereg?ﬂ%@&rlt'sghéhlﬂ‘ft@ ! fﬁ%ﬁnérﬁg SENhiRE, paetidfaltle RDGEQGNT oni ¢

conposi tions e present | nvent I on M
and fluorine, are preferred for the halogen substituent and fluorine

is preferred for the polyhaloalkyl substituent, e.g., trifluoromethyl,
5 (CF3). Preferably, Ry;' is selected from the group consisting of
C,-C, alkyl, chlorine, fluorine, C;-Cy trihaloalkyl, e.g.,
trihalomethyl such as trifluoromethyl and C;-Cg alkoxy.
The letter "d" in graphic formula V is an integer from 0 to
b, e.g., 0 to 2, such as 1 or 2. When "d" is 2 or more, each Ryy'

10 substituent may be the same or different and in either case, are
selected from the aforedescribed group. The Ryj' substituent(s) may
be located on any of the available carbon atoms of the benzene ring of
the indolino portion of the compound, i.e., at the 4, 5, 6 or 7
positions.

15 It is possible that photochromic organic substances of
graphic formula V (and VI) may be a mixture of isomers due to the
alternative directional mechanism by which intramolecular condensation
occurs during formation of the starting indole reactant (Fischer'é
base). Indolization of 3-substituted phenylhydrazones can give rise

20 to a 4-substituted indole, a 6-substituted indble, or mixtures .
thereof. Thus, when "d" is 1, the photochromic substance may be
substituted at the 4 position on the indoline ring, at the 6 position
of that ring or comprise a mixture of such igsomers. When "d" is 2,
the Ry,' substituents may be present at any combination of the 4, 5,

25 6, or 7 carbon atoms of the indoline ring and may comprise an isomeric
mixture of such compounds, e.g., a mixture of compounds having
substituents at the 4 and 5, 4 and 6, 5 and 6, 4 and 7, 5 and 7, and 6
and 7 positions of the indoline ring. Commonly, when *""d" is 2 the
Riy’ substituents are located at the 4 and 5, or 5 and 6 positions.

30 Also contemplated are materials containing mixtures of such isomers,

e.g., materials comprising 4 (and 6) and 5-substituted spiro(indo{ino)

pyrido benzoxazines.
eet Has Been R laced
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represented by graphic formula I1A,

Rlerr], Rerr] and R err]
*Rlerr] is 15 hydrogen or
Cerr]-Cerr] alkyl.

comercially under the trade name SANDUVOR 3052. A further exanple of a

hi ndered mne light stabilizer may be represented by graphic fornula IIB.

10

15

20

25

30

of graphic formula V are described in Table 1.

-7-

are | ower al kyl,
| ower al kyl

5 [err]

e.g.

and Ris a derr]

derr]

An exanpl e of such a HALS materi al

-Cerr]

-Cerr]

| 0 wherein Rerr],

al kyl ,
al kyl ,

is avail abl e

Non-limiting examples of spiro(indolino) pyridobenzoxazines
Such

pyridobenzoxazines are those in which R;, Rg, R3, and R;;"' are as
indicated in Table 1, the letter "e" is 0 ﬁzero), and the letter "d"

is 0, 1 or 2.

substituent.

A hyphen (-) indicates the absence of a mon-hydrogen

e.g.

Table 1
Compound/ Ry Ry Ry Ryq! Rig
1 CHgq CHy CH - -
2 CHg CHg CHy 4(6)-CH; 5-CHy
3 CHq CHj CHg 5~0CH; -
4 CHg CHg CHg 5~C1 6-CHg
5 CHg CH3 CoHx - -
6 CHs CHy CoHs 5-CHg 4(6)-CHg
7 CHg CoHs Colig - -
8 n-C,Hg CHj CoHg - -
9 CHg CHg phenyl - -
10 CHy phenyl phenyl - -
11 CoHg CHjy CoHs 4(6)~CHy 5-CHg
12 n-C,Hg CHq CoHs 5-CHg (4)6-CHg
13 CHy CH, CHy 5-CHy  (4)6-CHg
14 n-C3Hy CHj CH3 5-CH3 -
15 n-C3Hy CHs CHj 5-0CH3 -~
16 n-C3Hy CHj CHj 4(6)-CH3 5-CHg

Compound 2 in Table 1 may be named 1,3,3,4(and 6),5—penfamethy1—
spiro-[indolino-2,3' [3Hlpyrido [3,2-f] [1,4] benzoxazine].
Similarly, compound 6 in Table 1 may be named 1,3,4(and

6),5-tetramethyl-3~ethylspiro— [indolino-2,3' [3H] pyrido [3,2-f]

[1,4] benzoxazine].

named taking into account the different substituents.

Other compounds in Table 1 may be similarly

Moreover,

35 compounds derived from the description of graphic formula V may be

This Sheet Has Been R




20 25 . ' [err] RS 4RI 30 wherein R and
Rlerr]-Rlerr] are the sane as defined with respect to graphic 35 formula
"Il A, An exanpl e of such a HALS material is available comrercially under the
trade nane SANDUVOR 3050. -8- Still other HALS conpounds that nay be
used in the photochrom c conpositions of the present invention may be
represented by graphic fornula I11

- 15 =~

simiiarly named by substituting the substituents described with
respect to Ry, Ry, R3, R,' and Ry;' for those found in the
description and in Table 1. When the letter "e" is 1 or more, the
R,' substituent(s) are given a prime (') designation. For

5 nomenclature purposes, numbering of the pyrido benzoxazine portion
of the molecule is counter clockwise starting with the nitrogen atom
of the oxazine ring as the number 1' position. Numbering of the
indolino portion of the molecule is counter clockwise starting with
the nitrogen atom as the number 1 position.

10 Spiro(indolino)naphthoxazines that may be used in the
practice of the present process may be represented by the following

graphic formula:

15
R Ry
20 - ||' __N Rll
(Riy' " Ja CRe"" Do
N o VI
Ry
25

This Sheet Has Been Rep
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30 wherein Rys Ry and Ry are the same as that described with respect to
graphic formula IV. |
Each R," substituent in graphic formula VI may be selected
from the group consisting of halogen, e.g., chloro, fluoro, or
bromo, 01—05 alkyl, G1—05 alkoxy (e.g., methoxy, ethoxy, propoxy,
35 butoxy and pentoxy), nitro, cyano, thiocjano, C1-Cy monohaloalkyl,



5. [err] 10 15 20 wherein Rerr], Rerr], Rerr]-Rerr], and Rerr]-Rerr]
are lower alkyl, e.g., (err]-Clerr] alkyl, and Rerr] and Rlerr] are |ower
“al kyl, e.g., derr]-Cerr] alkyl, or hydrogen An exanpl e of such a HALS
material is bis(l;2,2,6,6-pentanethyl-4- 25 piperidinyl)

[3,5-bis(1,1- dlnethylethyl 4- hydr oxyphenyl ) nethyl] butyl propanedi oat e,

i.e., Rerr], Rerr], Rerr]-Rerr], Rerr], Rerr], Rerr]-Rerr] are
nmet hyl , R[err] S butyl and Rlerr] and R ~] are nethyl, which is sold
under the trade nane TINUVIN 144. OQther HALS materials contenplated are

t hose sol d under the 30 trade name CH MASSCORB 944, the graphic fornula for
whi ch i s desceighadCi—C; monochloroalkyl, such as chloromethyl and chloroethyl,

C,-C, polyhaloalkyl, as for example, trihaloalkyl, such as
trichloroalkyl or trifluoroalkyl, e.g., trifluoromethyl and
2,2,2-trifluoroethyl, and monoalkylamino or dialkylamino, wherein

5 the alkyl moiety of the alkylamino group contains from 1 to & carbon
atoms, e.g., methylamino, ethylamino, propylamino, dimethylamino and
diethylamino. More particularly, the R," substituent may be
selected from the group Cy~C, alkyl, C,-C, alkoxy, chloro, fluoro,
bromo, nitro and trifluoromethyl. The letter "e" in graphic formula

10 VI is an integer from 0 to 2, e.g., 1 or 2, and denotes the number
of non-hydrogen R," substituents. When "e" is 0, there are no R,"
substituents and all of the aromatic carbon atoms of the naphtho
moiety of the molecule represented by formula VI have their full
complement of hydrogen atoms for the naphtho group shown. '

15 As In the case with graphic formula V, when "e" is 1, the
R," substituent may be located on any of the available carbon atoms
of the naphtho moiety of the naphthoxazine portion of the molecule,
i.e., at the 5', 6', 7' 8', 9' ‘'or 10' positions. Preferably, the.
R," substituent is present on the 7', 8' or 9' carbon atoms. When

20 "e" is 2, the'Ra" substituents may be same or different and in
either case are selected from the above-described group. When "e"
is 2, the R," substituents are commonly located at the 7' and 9', or
8' and 10' positions. For nomenclature purposes, numbering of
gpiro(indolino) naphthoxazines is the same as that described with

25 regard to the spiro(indolino) pyrido benzoxazines of graphic formula
V. Rq)" and the letter "d" in graphic formula VI are the same as
that described with respect to Ry; and d in graphic formula IV. '

Non-limiting examples of spiro(indolino) naphthoxazines
selected from the description of graphic formula VI are described in

30 Table 2. Such spiro(indolino) naphthoxazines are those in which R,
Ry, Rg3, R," and Rll“ are as indicated in Table 2, the letter "d" is
0, 1 or 2 and the letter "e" is 1. As in Table 1, a hyphen (-)
indicates the absence of a non-hydrogen substituent. In Table 2,

all of the R," substituents are at the 9' carbon position.

This Sheet Has Been Re; ﬂ

(T




in colum 5, lines-1-25 of U S. Patent 4,720,356, CYASORB 3346, the graphic
formula for which is described in colum 5, lines 26-49 of the '356 patent,
‘and TINUVIN 6225 the graphic formula for which is described in colum 5,

| i nes 50-68 of the '356 patent. Such graphic 35 fornulas may be

i ncorporated herein if required. Preferably, the am ne of the hindered
amine light stabilizer is a tertiary am ne. -9- The HALS and

di aryl oxal am de stabilizer nmaterials used Lh -+ he present conposition are

i ncorporated in the photochrom c conposition so as to be in close physical
proximty to the organic photochrom c conpounds used in the conposition.
This nmay be acconplished by m xing . - -

_ Table 2
Compound/ .Ry Ry R3 R," Ryg" Ryy"
(9'<)
5
1 CH, CHj CH,y 0CH3 - -
2 CHy CHg CHg 0CH3 5-CHg (4)6~CHg
3 CH CH,y CHjy 0CHj 5-0CH3 =~
4 CHy CHg CHy OCH4 5-C1 (4)6-CHg
10 5 CHj CHy CoHs OCHj - -
6 CHy CHy CyHs OCHg 5-CHy (4)6-CHg
7 CHy C,Hs CoHs - OCHg - -
8 n-C,Hy  CHg CoHs OCHg - -
9 CHj CHq phenyl OCH3 - -
15 10 CH3 phenyl phenyl OCHg - -
11 CH3  p~CgH,0CH3 p-CgH,OCH3 OCH4 -
12 C,Hs CHjy CoHs OCHg 5~CHj -
) 13 n-C,Hy  CHjy C,Hs OCHg 5-CHg -

20 Compound 2 in Table 2 may be named 1,3,3,4(and 6),5-pentamethyl-
9'-methoxy-spiro[indolino-2,3' [3H]-naphth {2,1-b] [1,4]-oxazine].
Similarly, compound 6 in Table 2 may be named 1,3,4 (and 6),5-
tetramethyl-3-ethyl-9'-methoxyspiro [indolino-2,3' [3H]-naphth
[2,1-b] [1,4]-oxazine. Other compounds in Table 2 can be gimilarly

25 named taking into account the different substituents. Moreover,
compounds derived from the description of graphic formula IV may be

similarly named.
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5.the stabilizer materials with the organi c photochrom ¢ conpounds prior to
their incorporation into or applying themto an organic host material, or
‘by sequentfally®introducing the photochroni ¢ conpound(s) and stabilizer
materials (in any order) into or applying themto_ the organic host

material. 10 The total amount of stabilizer materials used in the’
phot ochrom ¢ conposition will be in stabilizing anounts, and will typically
range fromabout 0.3 parts to about 1.5 pat8s per part of the total anpunt
of organi c photochrom ¢ conpounds in the conposition. (As used herein, the
value part/part is intended to nean parts, by 15 weight.) Mre particularly,
from about 0.3 to abotRire(indsdine) Benzozpzines; gonropnds that &oleF sther part of
the total anoyaipxf/boigaRe Cidedeiraahinu.c. CtRALILds16 /58kheaypbet ochrom c

conposi.tion are used, The ight, ratio of diaryl gox ide to HALS
stabilizer VMIrFPf%ﬁ§PE%ﬂ'Ey %ﬁ%,goilow1ng graphic oé&&iaa$f¥p

5
(Ri3)4g R R,
.10
T (Ryzdn
N
© VII
15 Ry

wherein Ry, Rgy Ry and d are the same as described with respect to
20 graphic formula IV and Ry, and Ry3 are each selected from the group
consisting of C;-Cg alkyl, e.g., C;-Cy alkyl, Cy-Cy alkoxy, Cefos
Cy-Cy alkoxy, preferably methoxy, and h is the integer 1 or 2.
When "h" is 1, the Ry, substituent may be located on any of
the available carbon atoms of the benzene ring of the benzoxazine
25 moiety, i.e., at the 5, 6, 7 or 8 positions. Preferably, the Rig
substituent is located at the number 5, 6, or 7 carbon atom. When
"h' is 2, the Ry, substituents may be the same or different and in
either case are selected from the above-described group. When "h"
is 2, the Rio substituents are desirably located at the 5 and 7 or 6
30 and 8 positiomns.
Examples of spiro(indolino)benzoxazines within the scope of
graphic formula VII are listed in Table 3. Compound 1 may be
named: 7-methoxy-1',3',3',4' (and 6'), 5'-pentamethylspiro-
[2B-1,4-benzoxazine~2,2'~indoline]}. Compounds 2-6 may be similarly

~ 35 named as substituted spiro(indolino) benzoxazines using the

i, e’illTed
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fromabout 1:1 to about 3:1,

“color to plurple/blue may be represented by the foll owi ng graphic fornula

V. 25 R

- In the above graphic forrmula 1V, Rerr]

R3 30

consisting of CJerr]-Cerr]

i sopropyl,

10

15

20

25

e.g.

al kyl ,

2:1. 20

e.g., nethyl,

- 19 -

Spi ro(indoline) pyrido
benzoxazi nes and spiro(indoline) naphthoxazi ne photochrom c conpounds t hat

[err] 35

et hyl, n-propyl,

substituents described in Table 3 for such compounds. Moreover,

compounds derived from the description of graphic formula VII may be

similarly named.

In naming the spiro(indoline)benzoxazines, the

IUPAC rules of organic nomenclature have been used. The positions

of the indolino portion of the molecule have been numbered

counterclockwise starting with the nitrogen atom as the number one

(1) position, and are identified by a prime number, e.g., 3'. The

positions of the benzoxazine portion of the molecule have been

numbered c¢lockwise starting with the oxygen atom as the number ome

(1) positionm.
Iable 3
BSTITUENT
Compound
No. Ry R,y R3 Ry3 Ry3 Rig R,
1 Me ‘Me Me 4(6)-Me 5-Me 7-0Me -
2 Me Me Me 4(6)-Me 5-Me 7-0Me 5-0Me
3 Me Me Me 5-0Me - 7-OMe 5~OMe
4 Me Me Me 4(6)-Me 5-Me 7-0Me 6-Ome
5 Me Me Et - - 7-0Me 5-0Me
6 nBu Me Me - - 7-0Me _5—0Me
Key: i
Me = methyl is Sheet Has Been Re laced
||II|I T
Et = ethyl
OMe = methoxy

may be sel ected fromthe gr oup

10



butyl,.etc., phenyl.,, phen((err]-Cerr])alkyl, e.g., benzyl,
naphth(Cerr]-Cferr])al kyl, e.g., 1-naphthylnethyl, allyl, 5

‘acrylyl (CJerr]-Clerr])al kyl, methacrylyl- (CJerr]-Cerr])alkyl,
carboxy(Clerr]-Clerr])alkyl, e.g., [err]-carboxyethyl, y-carboxypropyl,
[err]-carboxybutyl, cyano((err]-Clerr])alkyl, e.g., [err]-cyanoethyl,

y- cyanopropyl, [err]-cyanoi sopropyl, and [err]-cyanobutyl, Cerr]-Cerr]
acyloxy((err]-Clerr])alkyl, i.e., [RerH@OQOR err], wherein Rerr] is a
Clerr]-Cerr] alkyl and Rlerr] is a (Jerr]-Cferr] alkyl], 10 e.g.,

acet oxyet hyl , acetoxypropyl, propionyl ox thyI acetoxybutyl and

pr opi onyl oxypr opyl , thyi{E[aer‘quP@{“&sr f}‘a‘lIﬂISyiil n%rgsen-nyme&xyes hyl ,

hydr oxypr opy| saﬂsltmeﬁewbwéflz,-p&s@k%ﬁ Jokel exd b@iﬁerr&:l.g ar%gc&hemﬁr@m m

ERTRIC e N T e O e

al koxy, e.g., bemﬂninmxm, et hoxy, propoxy, butoxy and pentoxy. Preferably,
Rlerr] is sggected fromthe group consisting of Clerr]-Cerr] alkyl,
phenyl , benzyl,

10
VIII

15

wherein Ry-Ryo are each selected from hydrogen, lower alkyl, e.g.,
20 C1-Cs alkyl, C1-Cs alkoxy, hydroxy, C1-Cs alkylamino, or C1-Cs
dialkylamino, C1-Cs alkylaminophenyl or halogen, e.g., chloro,
provided that Ry and R, are not alkoxy, hydroxy, alkylamino or
dialkylamino, R is lower alkyl, phenyl or phenyl containing a
nitrogen-containing substituent in the ortho- or para—- position, and
25 X is an aryl group, e.g., phenyl, having a nitrogen—-containing
substituent, in the ortho- or para— position, e.g., a primary,
secondary or tertiary amino, morpholino, piperidino, pyridino,
pyrazolino or pyrrolidino group.
The aforedescribed photochromic oxazine-type cémpounds and
30 naphthopyran compounds having a nitrogen-—containing substituent in
the 2-position of the pyran ring color to purple/blue when activated
by UV light. Such compounds exhibit a minima luminous trénsmiséion

in the range of 560 to 630 nanometers, and may be used with the
\h

——
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1-naphth(C[err]-Cferr])al kyl, such as 1-naphthyl nethyl,
carboxy((err]-Cerr])al kyl, cyano(([err]-Cerr])alkyl, (err]-Cerr]
acyloxy(derr]-Clerr])alkyl, e.g., err]-Cferr] acyl oxyethyl,
hydroxy(Clerr]-Cerr])alkyl, and (Clerr]Herr]Oferr] . CHerr], wherein m
Is a 20 nunber of from1 to 3, e.g., 2. . Rerr] and R err] of the above
graphic fornmula IV nmay each be selected fromthe group consisting of
Clerr]-Cerr] alkyl, phenyl, nono- and di-sdbstituted phenyl, benzyl, or
Rlerr] and Rlerr] may conbine to forma cyclic ring selected fromthe group
consisting of an_alicyclic ring 25 containing from6 to 8 carbon atons

(i ncl udi ng t h&oi}nwige cdasseibed BRJtochemis, PRHaRatPeL ATRAVRGE WDERR cRloretd d

g{lenyi ajbst i tyulef(tivﬂomdoehaeheeiﬁdea rﬂlﬁhcﬁ\?ﬂﬁi}htﬂ[ eme]seallkt;édr pRfan—-type
err]-Clerr] al koxy radi, S. e particularly.. Rlerr n err

ench bel eot e PrEthte PRER & plP, Db Bondusacl Sl i B <Shed e BF

and pentyl, ard i)?Oenyl!xome\Mm one of R2 30 or R3js a tertiary alkyl

radical, such as tertpgfoschitmib ﬂph‘:%ﬁy’rgﬁy having at least one

ortho-substituted phenyl group at the 3-position of the pyran ring
are described in U.S. Patent 5,066,818. Such compounds color to
yellow/orange upon activation with UV light and may be represented by
the following graphic formula IX,

10

15

20 X

25

In graphic formula IX, Y| may be selected form the group
consisting of C;-Cg alkyl, C;-Cg5 alkoxy, fluoro and chloro.
Preferably Y; is selected from the group consisting of C1—03 alkyl,

30 C;-C5 alkoxy and fluoro. In graphic formula IX, Z; may be selected
from the group consisting of hydrogen and Y;. Each Yy and Z; may be
selected from the group consisting of Cy-Cg alkyl, C;-Cg alkoxy,
cyano, hydroxy, halogen, preferably chloro or fluoro, acrylyl,

methacrylyl, acryloxy(C{~C,) alkyl, and methacryloxy (C;-C,) alkyl.

This Sheet Has Béen Repla
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anyl, the other "is- preferably an al kyl radical other than a tertiary alkyl
radical. Y in graphic formula IV nay be carbon or nitrogen. The nunber
"type of noh-hydrogen substituent groups represented by R4 35 will vary
dependi ng upon whether Y is carbon or nitrogen. Cenerally, when Y is

carbon each R err]
hal ogen, e.g.

al koxy, e.g.,

nmet hoxy, ethoxy, propoxy,

t hi ocyano, Cferr]- C[err] nnnohaloalkyl e.g., (err]-Cerr] 5
hi | Ky t d,c
oo O 02 Wy B L RN ALy e 4of LR

01—03 alkyl, 01-03 alkoxy and fluoro. The letters a and b in graphic

10

15

20

25

30

formula IX are each an integer selected from the group consisting of
0, 1 or 2. When a or b are 0 (zero), the phenyl groups have their
appropriate complement of ring hydrogens.

A variety of substituents may be placed on the naphtho
portion of the naphthopyran compounds of graphic formula IX. For
example, the naphtho moiety may be substituted in the positions
represented by Rg-Ryg in graphic formula IX with C;-Cyy straight and
branched chain alkyl, C5-C; cycloalkyl, phenyl, mono- or
di-substituted phenyl, C;-C, alkoxy, halogen, i.e., chlorine,
fluorine, bromine and iodine, acrylyl, methacrylyl acryloxy (Ci-C,)
alkyl, methacryloxy (C;-C,) alkyl, and five or six-membered
heterocyclic groups connécted to the naphthopyran rings by a single
bond, e.g., furyl and thienyl. ‘More particularly, when other than
ﬁydrogen; each RS‘RIO may be C;~Cg straight or branched chain alkyl,
e.g., methyl, ethyl, n-propyl, isopropyl, butyl, and pentyl C5—Cg
cycloalkyl, e.g., cyclopentyl and cyclohexyl, C;-C3 alkoxy, €.8.y
methoxy, ethoxy and propoxy, chlorine (chloro), bromine (bromo), 2-
or 3- furyl, 2- or 3- thienyl, phenyl, and'ortho—, meta--or
para-substituted phenyl. The aforedescribed phenyl substituent(s)
each may be selected from the group consisting of C;-C, alkyl, C;-C,
alkoxy, chloro and bromc. Preferably, the phenyl group is
substituted with one substituent and that substituent is in the para
position, e.g., p-methyl, phenyl, p-chloro phenyl and p-methoxy
phenyl. Still more particularly, Rs-Rjg substituents may be C;-Cj
alkyl, C;-C3 alkoxy, chloro, bromo, phenyl and C,-C3 alkoxyphenyl;
e.g., p-methoxy phenyl. '

In naming and referring to the naphthopyran compounds of
graphic formula IX, positions on the naphthopyran rings are numbered
as shown. The naphtho moiety may be substituted at the 5,6,7,8,9
and/or 10 position, i.e., R5—Rjg. When not so substituted, Rg-Rjg
are hydrogen. In certain contemplated embodiments, the naphtho
moiety ring is substituted at the 10-position, at the 10 and

and

substituent nmay be selected fromthe group consisting of

chloro, fluoro, or brono, Ckgrr]-C[err] alkyl, derr]-Cerr]
but“éxy and pentoxy, nitro, cyano,
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trifluoroal kyl, 'e.g., trifluoronethyl and 2,2,2-trifl uoroet
nonoal kyl am no or di al kyl am no wherein the al kyl noiety of

hyl , and
t he al kyl am no

"group contains fromone to four carbon atons, e.g., 10 nethyl am no,

et hyl am no, propylam no, dinethylam no and di ethylam no. The letter "e" in
graphic formula IVis an integer of fromO to 2, e.g., 1, and denotes the

nunber of non-hydrogen R4 substituents. In particular, when "e" is 1 or 2

and Y is carbon, each R4 substituent nay'bé selected fromt
Cerr]-Cerr] alkyl, Cerr]-Cerr] 15 alkoxy, chl oro, fluor

he group
o, bronD, nitro,

dtrifl th h bstit t
o L OB G 05 S F bR A0S R AR U

conpl enent of RyydamigBy mespestifely .t hénemxchad:mbodgnmtp

w \611 37—R

?:I[EEII: ?]96?:[ ef‘a]c Qnﬁ“nyﬁ( 308" J&g&%&%@iﬁ %%Fﬁtﬂf'tdgg ﬁk %F %ﬁﬁeﬁ?} Oxy, .

attached to the pyran ring, the carbon atoms are numbered clockwise

5 starting with the carbon atom attached to the 3-positi
ring. .

In a particular embodiment, the naphtho moiet
unsubstituted, i.e., Rz-Ryy are each hydrogen, Y¥; is 8
the group comsisting of C;-C3 alkyl, C;-C3 alkoxy and

10 hydrogen, Y, is Cy—C3 alkoxy or hydrogen, Z, is select
group consisting of Cy-C3 alkoxy, C;-C3 alkyl and hydr
1 and b is 0, 1 or 2. Y, and Z, substituents may be 1

of the unsubstituted positions of their respective phe

on of the pyran

y is

elected from
fluoro, 2, is
ed form the
ogen, a is 0 or
ocated at any

nyl groups;

namely positions 3, 4, 5 and 6, preferably at the 3, 4 or 5

15 positions. When a or b is 1, the substituent is prefe
meta or para to the carbon atom attached to the pyran

rably located
ring. When a

and b are 2, the substituents may be located at any two of the

.. unsubstituted carbon atoms of the respective phenyl gr
positions 3 and 4, 3 and 5, 3 and 6, & and 5 or &4 and
20 at the 3 and 4, 3 and 5 or 4 and 5 carbon atoms.
Examples of the aforedescribed naphthopyrans
(1) 3(2-fluorophenyl)-3(4-methoxyphenyl)-3H-napht

oup; namely

6, preferably

inqlude:
ho[2,1-b]pyran.

(2) 3(2-fluorophenyl)-3(4' —methoxyphenyl)-8—methoxy—3H—

naphtho{2,1-b]-pyran.
25 (3) 3(2,4-dimethoxyphenyl)-3(4'-methoxyphenyl)-3H
naphtho[2,1-b]-pyran.
(4) -3(2-fluorophenyl)~-3(3,4—-dimethoxyphenyl)-3H~
naphtho[2,1-b]pyran.
(5) 3(2-methyl-4-methoxyphenyl)-3(4-methoxyphenyl
30 " naphtho[2,1-b]pyran.
(6) 3(2-methylphenyl)-3(4-methoxyphenyl)-3H~
‘naphtho[2,1-b]pyran.
(7) 3-phenyl-3(2,4-dimethokyphenyl)~3H-naphtho[2
"(8) 3(2,6~difluorophenyl)-3(4-methoxyphenyl )~—3H-
35 naphtho{2,1-b]-pyran.
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Jerr]-(err] alkoxy, and halogen, e.g., chloro, fluoro or brono.
Typically, "e" is O (zero) when Y is nitrogen and thus there are no R err]
- substituents. Each R err] in graphic fornmula IV may be selected from
Cerr]-Cerr] 25 alkyl, halogen, Cerr]-Clerr] al koxy, nitro, cyano,
Cerr]-Cerr] nonohal oal kyl, C.err]-C[err] polyhaloalkyl, Clerr]-Clerr]

al koxycarbonyl, and (Jerr]-Cferr] acyloxy, i.e., Rerr]C(OO, wherein
Rlerr] is a Jerr]-Cerr] alkyl, e.g., net#yl. The letter "d" in graphic
formula IV represents an integer that rray vary fromO to 4, e.g., 0 to 2,

such as 1 or 2, and denot th 30 b
Wien "d" is O (zero),® tfﬁégléraF’g“}r‘]? %;Pfﬁanggtr;%tf frfltcé)%mnca?}a’%:éf’% ﬂ?ﬁts

aronmati c carbeghidiens dodve dhbege f&:u’nIcoaorﬂrdsenmlWebIOWydamgyenratm for the
i ndol e gr(NJp'naphthopyran compounds described in International Patent Publication
WO 92/09593, a complete description of which may be reproduced herein
5 if required. In particular, certain of such organic photochromic

compoﬁnds may be represented by the following graphic formula IXA.

10

IXA
15

L in graphic formula IXA is the group -W-T(Z)=Xg, wherein

20 preferably W is oxygen, carbon or nitrogen such as -0-,

J-C-J', or -N-J, preferably oxygen, (J and J' are each selected from

hydrogen, C;~C; alkyl, or J and J' taken together is a single oxygen,
25 e.g., =C(0)-); T is carbon and bears a partial positive charge; Z is
a C;-C, alkyl, e.g., methyl, phenyl, or C;-C, monoalkylamino, e.g.,
methyamino (CH3NH—); X is oxygen and g is the integer one (1).
Examples of L are acetoxy, benzoyloxy or methyl carbamyloxy..
B and B' in gréphic formula IXA are each selected from
30 unsubstituted and mono, di or poly substituted aryl groups, phenyl
and naphthyl, preferably mono— or di-substituted phenyl or naphthyl;
the substituted or unsubstituted heterocyclic groups, pyridyl,
thienyl, furyl, piperidinyl, and furfuryl; C;-C, alkyl, C;-C,
haloalkyl, e.g., (chloro or fluoro) Cy-C, alkyl, C1-C,
35 alkoxy(C;-C,)alkyl, C3-C¢ cycloalkyl, C1-C, alkoxy(C3~Cg)cycloalkyl,
-halo(chloro or fluoro) C3-C¢ cycloalkyl, or B and B' may combine and

taken together form adamantylidene.

This Sheet Has Been R

LT Iill



- 12 - More particularly, spiro(indolino) pyridobenzoxazines (when Y is
nitrogen) may be represented by the follow ng graphic fornula V: 5 [err] 10
15 In graphic formula V, Rerr], Rerr] and R err] are the sanme as defined
with respect to graphic formula 'lV. Each R4' may be selected from

Clerr]-Clerr] alkyl, e.g., (Jerr]-Cferr] alkyl, Cferr]-Cferr] al koxy, e.qg.,
Cerr]-Cerr] al koxy and 20 hal ogen, e.g., chloro, fluoro or bronp. The
letter "e" may be 0 or 1. Commonly, "e" is29,-and thus, there are no
Rlerr]' substituents. Wen "e" is 1, the R err] substituent may be | ocated

on any of the avail ab'}h% substituents for the aryl groups representing B and B'
| may be C;-C, alkyl, C;—C, haloalkyl, C;~C, alkoxy, C;~C,
alkoxy(C;~C,)alkyl, and halogen. The halogen (or halo group in the
haloalkyl) may be chlorine or fluorine. Phenyl substituents may be
5 located at the ortho, meta, and/or para positions. Typically, the
phenyl substituent contains less than 3 substituents, i.e., zero
(none), one or two substituents.
Substituents for the heterocyclic groups representing B and
B' may be C1-Cq4 alkyl, dl-ch haloalkyl, Cy-C, alkoxy, Cj-C,
10 alkoxy(cl-ch)alkyl, or halogen. The halogen (or halo group in the
haloalkyl) may be chlorine or fluorine.
Preferablj B and B' are each phenyl or substituted phenyl,
e.g., MONO-~oOr di~(01—04)a1ky1 phenyl, such as methylphenyl; mono- or
di~(cl-04)alkoxyphenyl, such as methoxyphenyl; chlorophenyl and
15 fluorophenyl.
Photochromic naphthopyrans having a spiro-adamantane group
at the 2-position of the naphthopyran ring are described in U.S.
.- Patent 4,826,977. Such compounds color to yellow/orange upon
activation with UV light, and may be represented by the following
20 graphic formula X,

This Sheet Has Been Reﬂlaced
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carbon atons of the pyrido noiety of the pyrido benzoxazine portion of the
compound, i.e., at the 5, 6', 8 9 or 10" positions, nost 25 usually at
‘the 8, 9'"or ¥0O' positions. Each Rlerr]' in graphic formula V may be
selected fromthe group consisting of Clerr]-Clerr] alkyl, e.g., methyl,
ethyl, propyl, butyl and pentyl, hal ogen, e.g., chloro and fl uoro,
Cerr]-Cerr] al koxy, e.g., nethoxy, ethox propoxy, butoxy and pentoxy,
nitro, cyano, Clerr]-Cerr] 30 nDnohanarkéF,'e.g., chl or onet hyl ,
fluoronet hyl, chloroethyl, chloropropyl, etc. C[err] Clerr] pol yhal oal kyl,

€.g., trihal O%E%Lm %%Qn [ indls K%f%‘é %QX%P éﬁﬁ% CRSD 'de ?L%l{(
acyl oxy, i.e Ler-r :
met hyl . An exdiogmeleoX are &bylmy @ﬂéhﬁt idsf BkEh regpgck amsrnahwen i e. ,
chl orine, brorgguld 98ie and
The pyran-type compounds describgd herein that color to
S yellow/orange may be combined with or used in conjunction with the
photochromic compounds that color to purple/blue, e.g., the
spirooxazine-type compounds, described herein in amounts and in a
ratio such that an organic host material to which the mixture of
compounds is applied or in which they are incorporated exhibits a

10 desired resultant color, e.g;, a substantially neutral color such as
shades of gray or brown, when activated with unfiltered sunlight,
i.e., as near a neutral color as possible given the colors of the
activated pyran and oxazine photochromic compounds, The relative
amounts of the aforesaid oxazine and pyran compoundé used will vary

15 and depend in part upon the relative intensities of the color of the
activated species of such compounds, and the ultimate color desired.
Generally, the weight ratio of the aforedescribed oxazine compound(s)

.- to the pyran compound(s) will vary from about 1:3 to about 3:1, e 8.
between about 0.75:1 and about 2:1.

20 ' The photoéhromic compositions of the present invention may
be applied to or incorporated into a host material by various methods
described in the art. Such methods include dissolving or &ispersing
the substance within the host material, e.g., imbibition of the
photochromic substance into the host material by immersion of the

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

30 "imbibition" or "imbibe" is intended to mean and include permeation
of the photochromic substance alone into the host material, solvent
assisted transfer absorption of the photochromic substance into a
porous polymer, vapor phase transfer, and other such transfer

mechanisms. —
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- 13 -. fluorine may be used in respect to the aforesaid hal ogen or
haloalkyl substituents, chlorine, fluorine and brom ne, particularly
"chlorine and fluorine, are preferred for the hal ogen substituent and
fluorine is preferred for the pol yhal oal kyl substituent,.e.qg.,
trifluoronmethyl, 5 (CFlerr]). Preferably, Rerr]' is selected fromthe
group consisting of (Jerr]-Clerr] alkyl, chlorine, fluorine, Cerr]-Cerr]
trihal oal kyl, e.g., trihalonmethyl such as ¢fifluoromethyl and Clerr]-Clerr]
al koxy. The letter "d" in graphic formula Vis .an integer fromO to 4,

it Cut2 Zoeh odedtads Wetiethy! Suf (SleBiey Stb Mol LD g
fromthe af or ededer eppidedrouphe Host Rjateridl substhitvent fisde mmytiedicocat ed on
any of the availall er&aneftaat AlloRl, WRerheRestns 4 FaBhion. The
particular dye selected will vary and depend on the aforesaid need
5 and result to be achieved. In one embodiment, the dye may be
selected to complement the color resulting from the activated
photochromic substances, e.g., to achieve a more neutral color or
absorb a particular wavelength of incident light. In another
embodiment, the dye may be selected to provide a desired hue to the
10 host matrix when the photochromic substances is in an unactivated
state.

The polymer host material will usually be transparent, but
may be translucent or even opaque. The polymer product need only be
transparent to that portion of the electromagnetic spectrum, which

15 activates the photochromic substance, i.e., that wavelength of
ultraviolet (UV) light that produces the open form of the substance
and that portion of the visible spectrum that includes the absorption

o maximum wavelength of the substance in its UV aétivated form, i.e.,
the open form. Further, the resin color should not be such that it

20 masks the color of the activated form of the photochromic substance,
i.,e., so the change in color is readily apparent to the observer.
Preferably, the host material article is a solid transparent or
optically cleaf material, e.g., materials suitable for optical

- applications, such as plano and ophthalmic lenses, windows,

25 automotive transparencies, e.g., windshields, aircraft
transparencies, plastic sheeting, etc.

Examples of host materials which may be used with the
photochromic substances or compositions described herein include:
polymgrs, i.e., homopolymers and copolymers, of polyol(allyl

30 carbonate) monomers, polymers, i.e., homopolymers and copolymers, of
polyfunctional acrylate monomers, polyacrylates, poly(alkylacrylates)
such as poly(methyl methacrylate), cellulose acetate, cellulose
triacetate, cellulose acetate propionate, cellulose acetate butyrate,
poly(vinyl acetate), poly(vinyl alcohol), poly(vinyl chloride),

35 poly(vinylidéne chloride), polyurethanes, polycarbonates,
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the:indolino portioen of the conpound, i.e., at the 4, 5, 6 or 7 positions.
15 I't is possible that photochrom c organic substances of graphic
‘formula V (and V1) may be a mixture of isomers due to the alternative

di rectional mechani sm by which intranol ecul ar condensati on occurs during
formati on of the starting indole reactant (Fischer's base). Indolization of
3-substituted phenyl hydrazones can give rise 20 to a 4-substituted indol e,
a 6-substituted indole, or m xtures t her 8ofS “Thus, when "d" is 1, the

phot ochrom ¢ substance may be substituted at the 4 position on the indoline

[h0g: 30 the QoRRgthiif Hockliingi b9 O AIDLLRS Sty SRl | SOTers.

I nati on
of the 4, 5, lza:lﬁcrnkatﬁ)cmlgbn(%;vm—ecrxlheltwdsl)b rmlwngvlémuymiya@npru se

an isomeric mpgiyhess Ofi.8US MoROEBIGHAGS an® Bpol ek X Lot Q10f1308RQUNds havi ng
pentaerythritol, particularly copolymers with polyol (allyl
5 carbonate) monomers, e.g., diethylene glycol bis(allyl carbonate),
and acrylate monomers. .
Transparent copolymers and blends of transparent polymers
are also suitable as host materials. Preferably, the host material
is an optically clear polymerized organic material prepared from a

10 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, PLEXIGLAS; polymerizates of a polyol(allyl carbonate)
monomer, especially diethylene glycol bis(allyl carbonate), which

15 monomer is sold under the trademark CR~39, and polymerizates 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.

20 vinyl acetate, particularly 80-85 percent of the bis(allyl carbonate)
and 15-20 percent vinyl acetate, and copolymers with a polyurethane
having terminal diacrylate functionality, as described in U.S. patent
4,360,653 ahd-4,994,208; cellulose acetate, cellulose propionate,
cellulose butyrate, cellulose acetate butyrate; polystyrene and

25 copolymers of styrene with methyl methacrylate, vinyl acetate and
acrylonitrile.

‘.The amount of photochromic substance or composition
containing same applied to or ircorporated into a host material is
not critical provided that a sufficient amount is used to produce a

30 photochromic effect discernible to the naked eye upon activation.
Generally such amount can be described as a photochromic amount. The
particular amount used depends often upon the intensity of color
desired upon irradiation thereof and upon the method used to .

incorporate or apply the photochromic substances. Typically, the

Th,lsllslliie't,iii reen Reﬁ




substituents at the.-4 and 5, 4 and 6, 5 and 6, 4 and 7, 5 and 7, and 6 and
7 positions of the indoline ring. Commonly, when "d" is 2 the Rerr]’
Substituents ar€ located at the 4 and 5, or 5 and 6 positions. 30 Al so
contenpl ated are materials containing m xtures. of such isoners, e.qg.
materials conprising 4 (and 6) and 5-substituted spiro(indolino) pyrido
benzoxazi nes. - 14 - Non-limting exaan£§_of spi ro(i ndolino)

pyri dobenzoxazi nes of graphic formula V are“described in Table 1. Such
pyri dobenzoxazi nes are those in which Rerr], Rerr], Rerr], and Rerr]’

are as indi Catr%i'ei Qou-l';)%%@ ajppliaf*‘ ol: eintcggpc;r%.'t':e&,s tge (gzr%QQér i@nghé Q€1$xet ter "d"

intensity. Generally, the amount of to%al photochroﬁic ‘substance
incorporated into or applied to a photochromic optical host material
may range from about 0.15 to about 0.35 milligrams per square

5 centimeter of surface to which the photoch;omic substance(s) is
incorporated or applied.

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

10 those skilled in the art.

EXAMPLE
To 3.5 grams (g) of a 10 weight percent solution of ethyl
cellulose in toluene was added 32 milligrams (mg) of a mixture of the
15 following photochromic compounds, (a) 3(2,4-dimethoxyphenyl)-
3(4'-methoxyphenyl )~3H-naphtho{2,1-b]-pyran, (b) 3,3,4(and
6),5-tetramethyl-1l-p-propylspiro[indolino~2,3'[3H] pyrido [3,2-f]
o~ [1,4] benzoxazine], and (c) 3,3~-dimethyl-l-n-propyl-5-methoxyspiro-
[indolino-2,3'[3H] pyrido [3,2-£][1,4] benzoxazine]. The weight
20 ratio of the photochromic compounds (a):(b):(c) was 40:35:25.
Stabilizer material(s), as defined in Table II, was added to
the photochromic solution and the resultant mixture applied as a film
of about 0.020 inches to duplicate glass slides using a wet film
blade applicator. The film was heated to 90°C. for thirty minutes to
25 produce a dry photochromic ethyl cellulose film. The light fatigue
resistance of the photochromic film was measured on an Ealing
Triangular optical bench equipped with a 300 watt Xenon arc lamp. '
Light from the arc lamp was passed through a copper sulfate bath to
remove infrared, a neutral density filter to regulate irradiance, a
30 shutter assembly and then the sample. The optical density of Fhe

activated photochromic film was monitored with a silicon photo

detector/radiometer assembly.
This Sheet Has Been

T



5is 0, 1 or 2. - A hyphen (-) indicates the absence of a non-hydrogen

substituent. Table 1 Conpound/ Rl Rlerr] 10 1 CH err]
"CH err] - €H err] 2 ~ CHerr] CH err] CH err]
4(6)-CH err] b5-CHerr] 3 CH err] _ CH err] CH err]
5-CCH[ err] - 4 CH err] CH err] CH err]
5-d 6-CH err] 15 5 CH[err]_30_ CH err]
Cerr]Herr] - 6 CH err] CH err]
Cerr]Herr] 5-CH err] - 4(6)-CH err] 7 CH err]
Cerr]Herr] d Q{erslxﬂsera;:L tabulated in Table II. - 8
n-Cferr]Herr] CH err] Cerr]Herr] - - - -
9 CH err] CH err] phenyl - -
TABLE II
5 Amount of !
Stabilizer Mtl. Weight Ratio Fatigue1 (hrs.)
Sample Stabilizer mg/32 mg Total Stabilizer/
_No, Material(s) _Photochromic Total Photochromic I(1/4) I(1/2)
10 1. NONE - - 145 295
2. HALS? b 1/8 190 355
3.  HaLsd 4 1/8 140 300
4. HALsS 16 1/2 145 290
- 5. HALS® 4 1/8 160 310
15 6. raLs® 16 1/2 180 360
7. OXANILIDE® A 1/8 135 270
8. OXANILIDE® 8 1/4 140 280
9. OXANILIDES 4 1/8 105 230
10 OXANILIDE® 8 1/4 130 280
- 20 11 OXANILIDES 16 3/4 245 486
HALSY 8
12.  ORANILIDE’ 16 - 3/4 210 410
HALS® 8
25 Legend for Table II
1. The rate at which the photochromic response decreases with

extended exposure to ultraviolet light supplied by UVA-351 lamps.
T(1/4) and T(1/2) is the time in hours for the photochromic response to
30 decrease to 1/4 and 1/2 respectively of the initial photochromic
response (amount of darkening as measured by the change in optical
density).

2. Bis(2,2,6,6-tetramethyl-4-piperidyl sebacate) This Sheet Has Been Replaced
3. SANDUVOR 3052 hindered amine light stabilizer o IlII||I| |I|I|| |||| lI ﬂll
35 4.,  SANDUVOR 3050 hindered amine light stabilizer
5. SANDUVOR 3206 oxanilide
6. SANDUVOR VSU, o-ethoxy-o'ethyl oxalic acid bis anilide -




20 -10. CHerr] phenyl phenyl - - 11

_Qerr]Herr] . CH err] Clerr]Herr] 4(6)-CH err]
"5-CHerr] "12 n-Clerr]H err] CH err] Cerr]Herr]
5-CH err] (4)6-CH err] 13 CH err] CH err]

CH err] 5-CH err] (4)6-CH err] 14 " n-Cerr]Herr]
CH err] CH err] S5S-CH errgy _ - 25 15

n-Clerr]H err] CH err] CH err] 5-CCH[ err] -
16 n-Clerr]H err] ' CH err] CH err]

g§ 6)5 CH err] h5I CHggrr] Compound 2 in Table 1 may be naned 1, 3, 3, 4(and
pent anmet hy spiro-[ind nQ-2, 3’ pyr.i do 2o | 1.4
benzoxazi ne]. Sinil artk§, e aéﬁn%l}'ﬁﬁi% IFnShPé'bF %cﬁﬁgﬁlﬁeﬁ%ﬁti{iﬁ}ﬁ}%ﬁd
g) ,o-tetr arriatmav-ﬁae adolug | ﬁmgamcbl telalipimo £3+ Bue[ B8dmplyriicke R3,2ahd ), while
enzoxazi ne onpou T | NASE t
account the d?%eg %%% gg er?. ?ﬁgﬁke%ﬁ%}%—ggveraﬁggé r@skgﬁn s dergvzégﬂa?gnégl o
descri pti on50éffpcaptiamploMenl 3 ¥ndeh) .beThe oxanilide materials did not improve

the light fatigue resistance. However, the combination of oxanilide and
HALS materials in the amounts shown significantly increase the light
fatigue resistance of the photochromic compositions (Samples 11 and

12).

10 Although the present invention has been described with
reference to the specific details of particular embodiments thereof, it
is not jntended that such details should be regarded as limitations upon
the scope of the invention except as to the extent that they are

included in the accompanying claims.
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-15-.sinilarly named by substituting the substituents described with

hePaescr ot on mana ot ERR ONTHIRMTIGS, | e oot s £%: hove, Fopat '

Rlerr]' substituent(s) aré& gitveM asprinme (') designation. For 5
nonencl at ure purposes, nunbering of the pyrido benzoxazine portion of the
nol ecul e is counter clockwi se starting with_the nitrogen atom of the
oxazine ring as the number 1' position. Nﬁnﬁéfing of the indolino portion
of the nolecule is counter clockw se starting with the nitrogen atom as the

nunber 1 pOSithﬁﬂmslo Spi ro(i ndol i no) napht hoxazi nes that may be
used in the . :

1. A photochromic optical article of improved resistance to
light fatigue comprising an organic polymeric host material and a
5 photochromic composition comprising, in c;mbination,
(a) a photochromic amount of photochromic material having a
minima luminous transmission in the range of 560 to 630
nanometers,
(b) a photochromic amount of photochromic material having a
10 minima luminous transmission in the range of 430 to 520
nanometers, and
(c) from.0.3 to 1.5 parts, per part of photochromic material,
of light stabilizers comprising, in combination,
(1) hindered amine light stabilizer, and
15 (2) asymmetric diaryloxalamide light stabilizer, the
weight ratio of diaryloxalamide to hindered amine
light stabilizer being from about 1:1 to about 3:1,

2. The article of claim 1 wherein,

20 (a) the photochromic material having a minima luminous
transmission in the range of 560 to 630 nanometers is
selected from the group consisting of spiro-oxazine
photochromic compounds and naphthopyran compounds having a
nitrogen—containing substituent at the 2-position of the

25 p&ran ring,

(b) the photochromic material having a minima luminous
transmission in the range of 430 to 520 nanometers is a
naphthopyran photochromic compound other than those
photochromic compounds having a nitrogen—containing

30 substituent at the 2-position of the pyran ring, and

(c) the weight ratio of photochromic material (a) to
photochromic material (b) being from about 1:3 to about
3:1.
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practice.of the present process may be represented by the follown ra
formula: 15 [err] 20 25 30 wherein Rlerr], Rerr] and R[err'] lﬂlﬁ Hﬁ'ﬂ”‘ﬁmm

as that descriBed with respect to graphic formula IV. Each

substituent in graphic formula VI may be selected fromthe group GonSi st i ng
of hal ogen, e.g., chloro, fluoro, or bronmo, Clerr]-Clerr] alkyl,
Cerr]-Cerr] al koxy (e.g., nethoxy, ethoxy, propoxy, 35 butoxy and
pentoxy), nitro, cyano, thiocyano, (err]-@3e+r] nonohal oal kyl,

3. The article of claim 2 wherein spiro-oxazine photochromic
material (a) is selected from spiro(indoline) pyrido benzoxazines,
spiro(indoline) naphthoxazines and spiro(indoline) benzoxazines, and the
naphthopyran photochromic material (b)is sglected from naphthopyrans

5 having a spiro-adamantane group at the 2-position of the naphthopyran
ring and naphthopyrans having at least one ortho-substituted phenyl
group at the 3-position of the pyran ring.

4., The article of claim 3 wherein the hindered amine light
10 stabilizer is bis(1,2,2,6,6-pentamethyl-4-piperdinyl)(3,5-
bis(l,l-dimethylethyl-4-hydroxyphenyl) methyl] butyl propanedioate and
the diaryloxalamide light stabilizer is o~ethoxy-o'-—ethyl-oxalic acid

bis anilide.
15 5. The article of claim 3 wherein the article is a lens.
6. The article of claim 4 wherein the article is a lens.

7. The article of claim 1 wherein the organic polymeric host

20 material is selected from the group consisting of polymers prepared from
polyol(allyl éarbon#te)_monomer, polyfunctional acrylate monomer,
acrylate monomer, alkylacrylate monomer, cellulose acetate, cellulose
triacetate, cellulose acetate propionate, cellulose acetate butyrate,
poly(vinyl acetate), poly(vinyl alcohol), poly(vinyl chloride)

25 poly(vinylidene chloride), polycarbonate, polyurethanes, poly(ethylene
terephthalate), polystyrene, copoly(styrene-methyl methacrylate),
copoly{styrene-acrylonitrile), polyvinylbutyral and diallylidene
pentaerythritol.

30 8. The article of claim 3 wherein the organic polymeric host
material is a poiymer prepared from polyol(allyl carbonate) monomer.
—
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16-- e.g., err] nonochl oroal kyl, such as chl oronet hyl and
chloroeth |, C[erru ﬂﬂull “M &unalkyl as for exanple, trihaloal kyl,
“such as trlchloroal al kyl, e.g., trifluoromethyl and’

2,2,2-trifluoroethyl, and" rmnoal kyI am no or dial kyl am no, wherein 5 the

al kyl noiety of the al kyl am no group contains from1l to 4 carbon atons,
e.g., methylam no, ethylam no, propylamng, dinethylan no and diethylam no.
More particularly, the Rlerr]" substi tue’l’ny‘rﬁay be sel ected fromthe group
Clerr]-Cferr] alkyl, (err]- C[err] aI koxy, chloro, fluoro, bronmo, nitro and

trifluoronethyl. The Ietter "e" hic, for 0, VI refrom
0to2 eg., 1or 9-and B‘é‘ﬁ(?f"}é?"?‘ e ‘%ﬁﬁ’ﬁ]e artmﬁoﬁ%hlmgfgb%dn@%fiwaﬁgg d
Slﬁlbst i tuents. 11‘§henfa’te ud s:oﬁprﬁslﬁﬂg @ aokidnordfsparént guparniict H@lrmrtmdloar-l of
the aromatic C%ngari %%18 ® pRo otcngoﬂ%pg&*}%sitmn comprising, in combination,

(a) a photochromic amount of a p@otochromic material having a
5 minima luminous transmission in the range of 580 to 620

nanometers,
(b) a photochromic amount of a photochromic material having a

minima luminous transmission in the renge of 450 to 500
nanometers,

10 (¢c) from 0.3 to 1.0 part, per part of photochromic material,
of light stabilizers comprising, in combination,
(1) hindered amine light stabilizer, and
(2) asymmetric diaryloxalamide light stabilizer, the

weight ratio of diaryloxalamide to hindered amine
15 light stabilizer being from about 1:1 to about 3:1.

10. The article of claim 9 wherein the organic polymeric host
.. material is a homopolymer or copolymer of diethylene glycol bis(allyl
carbonate), polycarbonate resin, poly(methyl methacrylate) or poly(vinyl
20 butyral). '

11. The article of claim 9 wherein photochromic material (a)
is selected from the group consisting of spiro-oxazine photochromic
compounds and naphthopyran compounds having a nitrogen-containing

25 substituent at the 2-position of the ﬁyran ring, photochromic material
(b) is a naphthopyran compound other than those having a
nitrogen-containing substituent at the 2-position of the pyran riné, and
the weight ratio of photochromic material (a) to photochromic material
(b) being from about 1:3 to about 3:1. '

30
T




nmoi ety of. .the nolecule represented by fornula Vi hav | ement
of hydrogen atons for the naphtho group shown. 15 ME I”ﬂj ﬂm case

‘with graphic f of mul a V, when "e" is 1, the Rerr]" s
| ocated on any of the avallable carbon atons of the naphtho nnlety of the
napht hoxazi ne portion of the nolecule, i.e., at the 5, 6", , 9" or

10" positions. Preferably, the Rerr]" subgtituent is present on the 7, 8
or 9' carbon atons. Wen 20 "e" is 2, the err]" substituents may be sane
or different and in either case are selected fromthe above-described

group. \Wen "e" is 212t hgnB4:resbPs ot %&SI?%ePMBiWOJOQE%ﬁnB%totclﬂ@on?m

and 9', or 8 and 10 805|t|ons For nonencl ature purposes,_nu ering of
spiro(i ndol i ripteripdhipd¥gzpelested frpe spira(indoling) gesido berrayprines regard

to the spi ro(épa@latmaenrre\orhmth&mxaglmsmfmgi@mﬁﬁei%maeaz‘fnea[ @hd] the
and the lett et{ap;xttliopyra % Qec%rgglcn%ggerwal (be) tzsh.seelect:ed 6}:sr:om naphthopyrans
5 having a spiro-adamantane group at the Z-position of the naphthopyran
ring and naphthopyrans having at least one ortho-gubgtituted phenyl

group at the 3-position of the pyran ring.

13. The article of claim 12 wherein the organic polymeric host
10 material is a homopolymer or copolymer of diethylene glycol bis(allyl

carbonate).
14, The article of claim 13 wherein the article is a lens.

15 15. The article of claim 13 wherein the hindered amine light
stabilizer is bis(1,2,2,6,6-pentamethyl—-4—piperdinyl)[3,5-
bis(l,1-dimethylethyl-4-hydroxyphenyl) methyl] butyl propanedioate and

. the diaryloxalamide light stabilizer is o-ethoxy-o'-~ethyl-oxalic acid

bis anilide.
This Sheet Has Been Reﬂ
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t hat™ described with respect to Rerr] and d in graphic formula IV.
Non-1imtimg exanpl es of spiro(indolino) naphthoxazines selected fromthe
‘description of graphic formula VI are described in 30 Table 2. Such

spi ro(indol i no) napht hoxazines are those in which Rerr], Rerr], Rerr],
Rlerr]" and Rerr]" are as indicated in Table 2, the Ietter "d" is 0, 1 or
2 and the letter "e" is 1. As in Table 1, a hyphen (-) indicates the
absence of a non-hydrogen substituent. In Table 2, all of the Rerr]"

substituents are at the 9' carbon AbT QR THE mmbl e 2 Conpound/
Rlerr] Rlerr] R[err@é_&?_Rﬂ[ﬁfnﬁ' R[err]"
Rerr]"

Photochromic optical articles of improved resistance to light
fatigue are provided by the use of a combination of hindered amine light
5 stabilizer and asymmetric diaryloxalamide light stabilizer with a
mixture of (1) photochromic material having a minima luminous
transmission in the range of 560 to 630 nanometers and (2) photochromic
material having a minima luminous transmission in the range of 430 to

520 nanometers.

laced
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(9°-) 51

OCH[ err ]

C[err]H[err]

C[err]H[err]

CH err]
- 8

-9
- 15 10
- 11
OCH err]
OCH[ err]

CHerr].. OCH[err]
CHenr cCHerr] en e OCH[ err] |
§;y'r;r(40 6 C}ﬁ[err]png 2 C}ﬁ[err] o n.C}ﬂ[err],,
/ 5 CI:H[err] ©o CHerr] . - CHerr]
_SCI ( v . CHerr]l . %Cl-l[err]_ :
OCH[err] - 6 CH err] CHerr]:
“OCH erf] 5"'CH['é'rr_]1 - " (4)6-CHerr] 7 - 1
C[err] H[err]~---_---. ---------- CerrlHerr] - .OCHerr] ¢
n- C[err]H[err] CH[err] .,, C[err]H[err] OCH3
CHerr] p M GTIYMPR 4 i RESIST!
CH err] phenyl phenyl ’ OCH[err]

CH err] p-Clerr]Herr]OCH err] p- C[err]H[erer:H[err]

10

15

20

25

30

35

- 12 Cl e REFCRIPTION OF THE CNYENTION Clerr]Herr]
5-CH err] - \

The present invention relates to photochromic compositions of
improved fatigue resistance and, more particularly, relates to organic
photochromic compositions comprising (1) a combination of organic
photochromic compounds that exhibit different activated colors and
which are usually from two different organic photochromic families and
(2) a combination of materials that improve the fatigue resistance of
such photochromic compounds. Still more particularly, this invention
relates to articles, e.g., ophthalmic lenses, containing such
photochromic compositions. '

When exposed to light radiation involving ultraviolet rays,
such as the ultraviolet radiation in sunlight or the light of a
mercury lamp, many organic photochromic compounds exhibit a reversible
change in color. When the ultraviolet radiation is discontinued, the
organic photochromic compound returns to its original color or '
colorless state. Various classes of photochromic compounds have been
synthesized and suggested for use in applications in which a B
sunlight-induced reversible color change or darkening is desired. For
example, spiro(indoline) pyrido benzoxazine photochromic compounds are
described in U.S. Patent 4,637,698. Spiro(indoline) naphthoxazines
are described in U.S. Patents 3,562,172, 3,578,602, 4,215,010 and
4,342,668. Benzopyrans and naphthopyrans having a nitrogen-containing
substituent in the 2-position of the pyran ring are described in U.S.
Patent 4,818,096. All of the aforedescribed oxazine—~ and pyrén—type
organic photochromic compounds dre reported to exhibit a color change
of from colorless to purple/blue on exposure to ultraviolet (U.V.)
light, e.g., sunlight.

Other organic photochromic compounds are reported to exhiibit
a color change of from colorless to yellow/orange when exposed to U.V.
light. Examples of, such orgénic'phoﬁochromic compounds are
benzopyrans and naphthopyrans having a spiro adamantane group in the

2-position of the pyran ring. These spiropyrans are described in U.S.
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13 n-Clerr]H err] CH err] Cerr]Herr] OCH err]]
5-CH err] - 20 Conpound 2 in Table 2 may be naned 1, 3, 3, 4(and
6), 5- pent anet hyl - 9' - met hoxy-spiro[indolino-2,3 [3H -naphth [2,1-Db]
[1,4]-oxazine]. Simlarly, conpound 6 in Table 2 may be naned 1, 3,4 (and
6),5- ;stetramet hyl - 3-et hyl -9' - net hoxyspiro [indolino-2,3" [3H -naphth
[2,1-b] [1,4]-oxazine. O her conpounds in Table 2 can be simlarly 25 naned
taking into account the different substituepts. Mreover, conpounds derived
fromthe description of graphic formula IV nmay be simlarly naned. - 18
- Spiro(indolino) benzoxazi nes conpounds that color to

Patent 4,826,977. Other yellow/orange coloring organic photochromic

compounds include the naphthopyran compounds described in U.S. Patent

5,066,818. These compounds contain at least ome ortho-substituted

phenyl substituent at the 3-position of the pyran ring, preferably a
5 monoortho—substituted phenyl substituent.

As reported in the literature, a major market demand for
ophthalmic lenses are for those that darken to a brown or gray color.
See, for example, U.S. Patent 4,818,096 (column 2, lines 35-45). In
order to obtain lenses which exhibit such a color change, blends of

10 yellow/orange and purple/blue orgaﬁic photochromic compounds have been
suggested.

A drawback to the widespread commercial use of organic
photochromic compounds is the loss of their ability to change color as
a result of prolonged repeated exposure to U.V. light, i.e., the

15 organic photochromic compounds lose their photochromism or their
ability to change color and revert to their original colorless state.
The phenomenon is believed to be a result of irreversible
decomposition of the organic photochromic compound and is referreo to
as fatigue or light fatigue. .

20 It has been suggested that the light fatigue resistance of
spiro(indoline)naphthoxazine compounds may be increased by the use of
a2 hindered amine light stabilizer (HALS) and optionally a complex of
the nickel ion with an organic ligand as a singlet oxygen quencher.
See, for example, U.S. Patent 4,720,356. While the use of a HALS

25 material may improve the light fatigue resistance of a spiro(indolinme)
naphthoxazine compound, a similar stabilizing effect for organic
naphthopyran compounds with a HALS material has not been observed.
Consequently, there is a need for a stabilizing system which will
improve the fatigue resistance of a combination of oxazine-type and

30 pyran—type organic photochromic compounds.

It has now been discovered that the combination of certain
asymmetric diaryloxalamlde (oxanllide) compounds and hindered amine
light stabllizer*(ﬂALS) compounds in certain proportions and in
certain amounts improve the fatigue resistance of photochromic

that color to
LnCEﬂf’ ’:\”- Iff T

\"""“‘4«-.-..
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purpl e/ blue are described in U S. Patent 4,816,584 nay be represented by
the fellow ng graphic formula VII. 5 [err] 10 15 wherein Rerr], Rerr],
Rlerr] and d are the same as described with respect to 20 graphic fornula
IV and Rerr] and Rlerr] are each selected fromthe group consisting of
Cerrl-Clerr] alkyl, e.g., (Jerr]-Cferr] alkyl, Cferr]-Cferr] al koxy, e.qg.,
Clerr]-(err] al koxy, preferably nethoxy, and h is the integer 1 or 2. \Wen
"h" is 1, the R12 substituent may be | ocaged on any of the avail abl e carbon
atons of the benzene ring of the benzoxazine 25 noiety, i.e., at the 5, 6,
7 or 8 positions. Preferably, the R12 substituent is |ocated at .the nunber
5, 6, or 7 gmrbbevbiuwemi.dbenthat have minima vigible luminous transmission in

the range of 560 to 630 nanometers, e.g., 580 to 620 nanometers,
preferably about 600 nanometers, and photochromic compound(s) that
color to yellow/orange,ﬂi.e.; thét have minima visible luminous

5 transmission in the r#nge of 430 to 520 nanometers, e.g., 450 to 500

nanometers, preferably about 480 nanometers.

- DETAILED DESCRIPTION OF THE INVENTION
Asymmetric diaryloxalamide compounds that may be used in the
10 photochromic compositions of the present invention are described in

U.S. Patent 3,906,041 and may be represented by graphic formula I.

OCrfom 1 CnHane

15

In graphic formula I, m is an integer of from 1 to 8, n is an
25 integer of from 1 to 4, and R; through Rg are each selected from the
group consisting of hydrogen, chloro, bromo, C;-C;5 alkyl, C;-C,
alkenyl, Cy-C, alkoxy, Cg—Cg aryl, Cs—Cg aryloxy and phenyl (CI-CQ)
alkyl. Preferably Ry, Rg, Ry, Rg, Ry and Rg in graphic formula I are
methyl, ethyl, propyl, n-butyl, sec-butyl, t-butyl, preferably C;-C,
30 alkyl, m is an integer'bf from 1 to 4 and n is an integer of from
0 to 2, e.g., 1 to 2.
The asymmetric diaryloxalamide compounds of graphic formula I
may be prepared as described in U.S. Patent 3,906,041, column 1, line
5 through column 2, line 22. That process involves the reaction of 1
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"h" is 2, the R err] substituents nay be the sanme or different and in
either case are selected fromthe above-descri bed group. Wien "h" is 2, the
R12 substituents are desirably |ocated at the 5 and 7 or 6 30 and 8
positions. Exanples of spiro(indolino)benzoxazines within the scope of
graphi.c fornula VIl are listed in Table 3. Conpound 1 nmay be naned:

7-met hoxy-1',3",3 ,4" (and 6'), 5'-pentanethyl spiro-

[2H 1, 4-benzoxazine-2,2' -indoline]. Conpgunds 2-6 may be simlarly 35
naned as substituted spiro(indolino) benzoxazines using the - 19-
substituents described in Table 3 for such conpounds. Moreover,

mole of oxalic acid (or a functional derivative such as an ester, acid
halide or ester halide) simultaneously or congecutively with 1 mole
each of a.compound of graphic formulae IA and IB .

*

o _' REPLACEENT o

S S |

09 0CT 196 |

R4 R, Rs - |
10

" Ry Hy Ry NH3
T2 IB
R1 ocnﬁzm .1 Re CnH2N+1

15

Examples of asymmetric diaryloxalamide compounds include those found
in Table I wherein Ris Ry Ry, Rs, R; and Rg are hydrogen.

‘TABLE I
20
Compound m n R3 Rg
1 1 1 H CHj
25 2 1 2 H H
3 2 2 H H
4 2 1 H CH3
5 2 2 CHj H
6 6 2 H H
30 7 4 2 H H
" 8 1 1 CgHyz CH,
9 1 2 CgHy7 H
10 2 4(iso) H H
11 8 1 H CHj
35 12 4 1 H CHg
13 2 3(iso0) H H



conpounds derived fromthe description of graphic formula VII may be
simlarly named. In nam ng the spiro(indoline)benzoxazinnes, the I UPAC rul es
of organi c nonmencl ature have been used. The positions 5 of the indolino
portion of the nol ecul e have been nunbered countercl ockwi se starting with

t he ni.trogen atom as the nunber one (1) position, and are identified by a
prime nunber, e.g., 3'. The positions of the benzoxazine portion of the

mol ecul e have been nunbered cl ockwi se starting with the oxygen atom as the

nunber one 10 (1) position. Table 3 SUBSTI TUENT Compound 15 No. R err]
Rl err] Rl err] Rl err] Rl err] R12 Rerr] 1 Me Me
Me 4(6) - Me 5- Me 7- Ove - )
TABLE I (continued)
5 Compound m n . Rj3 Rg
14 2 5(iso) H H
15 2 3 H H
16 1 1 CyHg CHj
10 17 1 2 CgHy 7 B
18 2 1 t-C4Hg H
19 2 4 - t-C,Hy H
20 4 1 H CH3
21 5(iso) 2 H H
15 22 ' 3(iso) 2 H H
23 3(n) 2 H H
24 8 2 H B

Compound 1 in Table I may be named,

20 o-methoxy-1'-methyl-oxalic acid bis—anilide; compound 2 may be named,
o-methoxy~o'-ethyl-oxalic acid bis anilide; and compound 3 may be
named o—ethoxy—o'-ethyl—oxalic acid bis anilide. Compounds 4-24 ‘in
Table I may be similarly named using the same system of nomenclature.

Other asymmetric diaryloxalamide compounds that may be used

25 in the photochromic compositions of the present invention include
those compounds of graphic formula I wherein R;-Rg and Rg are
hydrogen, n is 0 (zero) and Ry is as defined in graphic formula I.
Particularly contemplated is the compound wherein m is 2, and Ry is
isododecyl, which is available commercially under the trade name

30 SANDUVOR 3206.

. Hindered amine light stabilizers (HALS) have been described
principally for use with polyolefins. More recently, U.S. Patent
4,720,356 described their use with spiro(indoline) napthoxazines.

HALS compounds that may be used in the photochromic compositions of
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Me - M

Me Me
Me =
|VE' . -

n- butyl Et

10

15

20

25

Ve Ve 4(6) - Me 5- Me 7- Ove 5-0Owe 3
Me 5- Owve - 7- Ove 5-0Ove 20 4
Me 4(6) - Me 5- Me 7- Ove 6-Ore 5
- - 7- Ove 5-Ove 6 nBu
- 7- Ove 5-Ove Key: 25 Me = nmethyl n
= ethyl OVt = net hoxy - 20 -
-6 -

the present invention include those described in U.S. Patent
4,720,356, some of which HALS compounds may be represented by graphic
formula II,

Ry R
R‘ H H R')‘
R3 —N N— RB
R, . 0C( 0) ( CH,) 5( 0) CO Ry II
R, Rio

wherein Ry, Ry, Ry-Ry, Rg and Ry are lower alkyl, e.g., C;-C, alkyl,.
Ry and Rg are lower alkyl, e.g., C;-C, alkyl or hydrogen, and n is an
integer of from 1 to 12. Examples of such HALS materials are
bis(2,2,6,6-tetramethyl-4-piperidyl) sebacate, i.e., Ry, Rg, R4-Ry, Rg
and Ryo are methyl, R; and Rg are hydrogen and n is 8, which is sold
under the trade mame TINUVIN 770; and
bis(1,2,2,6,6-pentamethyl-4-piperidyl) sebacate, i.e., Ry, Ry, Ry-Ry,
Rg and'Rlo are methyl, R3 and R8 are methyl and n is 8, which is sold

_under the trade name TINUVIN 765.

Other hindered amine light stabilizers that may be used in
the photochromic compositions of the present invention may be
represented by graphic formula IIA,

REPLACEMENT SHEry
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Napht hopyran conpounds havi ng a nitrogen-containing substituent in the
2-position of the pyran ring are described in U S. Patent 4,818,096 and may
be represented by the following graphic formula VIIl, 5 [err] 15 wherein
Rlerr]-Rerr] are each selected from hydrogen, |ower alkyl, e.g., 20
Cerr]l.-Cerr] alkyl, Cerr]-Cerr] alkoxy, hydroxy, Cerr]-Cerr]

al kylamno, or (Jerr]-Cerr] dialkylamno, Cerr]-Cerr] alkylam nophenyl
or hal ogen, e.g., chloro, provided that R twr] and Rlerr] are not al koxy,
hydr oxy, al kylam no or dial kylamno, Ris |ower alkyl, phenyl or phenyl
contai ning a nitrogen-containing substituent in the ortho- or para-
position, and 25 X is an aryl group, e.g., phenyl, having a

ni t rogen-cont ai ni ng

R g
4
R3 —-N NH"CHz'CHz“C"O"R IIA

10 Ry

wherein Ry, Ry, R4 and Rg are lower alkyl, e.g., C;—C; alkyl, Rq is
15 hydrogen or lower alkyl and R is a C;-C;g alkyl, e.g., C;;-Ciy4 alkyl.
An example of such a HALS material is available commercially under the
trade name SANDUVOR 3052.
A further example of a hindered mine light stabilizer méy be
represented by graphic formula IIB.
20 -

CH,-CHy~COOR

25 /

~

\-—.
REPLACEMENT &
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30

wherein R and Rj~Rg5 are the same as defined with respect to graphic
35 formula IIA. An example of such a HALS material is available
commercially under the trade name SANDUVOR 3050.



substituent, in the ortho- or para- position, e.g., a primary, secondary or
tertiary amno, norpholino, piperidino, pyridino, pyrazolino or pyrrolidino
group. The aforedescribed phot ochrom ¢ oxazi ne-type conpounds and 30
napht hopyran conpounds havi ng a nitrogen-contai ning substituent in the
2-posi.tion of the pyran ring color to purple/blue when activated by U/
| ight. Such conmpounds exhibit a mninma | um nous transm ssion in the range
of 560 to 630 nanoneters, and nmay be usedgwi th the - 21 - follow ng
descri bed photochrom c pyran-type conpounds which color to yell ow orange
when activated with UV light. These |later pyran-type

Still other HALS compounds that may be used in the

photochromic compositions of the present invention may be represented

by graphic formula III,

5
Ry R
Ry H Ry, H Ry
Rz 0c(0) -~ C - (O)CO R, IIT
R| CH: R"!
Ry
B2
15
’/,/c c<:::
R'G on | R|3
Rya Ris
20

wherein Ry, Ryy Ry~Ry, and RQ-R17 are lowgr alkyl, e.g., C1-Cq alkyl,
and R3 and Rg are lower alkyl, e.g., C;-C,4 alkyl, or hydrogen. An -
example of such a HALS material is bis(1,2,2,6,6-pentamethyl-4—

25 piperidinyl) [3,5-bis(l,l-dimethylethyl-4-hydroxyphenyl) methyl]
butylpropanedioate, i.e., Ry, Ry, Ry4-Ry, Rg, Rygs Ryg~Ryy are methyl,
Riy is butyl, and Ry and Rg are methyl, which is sold under the tréde
name TINUVIN 144,

Other HALS materials contemplated are those sold under the

30 trade name CHIMASSORB 944, the graphic formula for which is described
in column 5, lines 1-25 of U.S. Patent 4,720,356, CYASORB 3346, the
graphic formula for which is described in column 5, lines 26-49 of the
'356 patent, and TINUVIN 622, the graphic formula for which is
described in column 5, lines 50-68 of the '356 patent. Such graphic

35 formulas may be incorporated herein if required. Preferably, the

amine of the hindered amine light stabilizer is a tertiary amine.



cenmpounds exhibit a mnima | um nous transm ssion in the range of 430 to 520
.hanongters. 5 Phot ochrom ¢ napht hopyrans havi ng at | east one
ortho-substituted phenyl group at the 3-position of the pyran ring are
described in U S. Patent 5,066,818. Such conpounds.col or to yell ow orange
upon activation with UV Iight and may be represented by the foll ow ng
graphic formula I X, 10 15 [err] 20 25 In graphic formula |IX,
Y[err] may be selected formthe group consgisting of CJerr]-Cerr] alkyl, -
Cerr]-Cerr] alkoxy, fluoro and chloro. Preferably Y[err] is selected from
the group consisting of Cferr]-Cferr] alkyl,

The HALS and diaryloxalamide gtabilizer materials used in the

present composition are incorporated in the photochromic composition
so as to be in close physical proximity to the organic photochromic
compounds used in the composition. This may be accomplished by mixing

5 the stabilizer materials with the organic photochromic compounds prior
to their incorporation into or applying them to an organic host
material, or by sequentially introducing the photochromic compound(s)
and stabilizer materials (in any order) into or applying them to the
organic host material.

10 The total amount of stabilizer materials used in the
photochromic composition will be in stabilizing amounts, and will.
typically range from about 0.3 parts to about 1.5 parts per part of
the total amount of organic photochromic compounds in the compositiom.
(As used herein, the value part/part is intended to mean parts by

15 weight.) More particularly, from about 0.3 to about 1.0 parts of
total stabilizer materials per part of the total amount of organic
photochromic compounds in the photochromic'composition are used. The
weight ratio of diaryloxalamide to HALS stabilizer will typically vary
from about 1l:1 to about 3:1, e.g., 2:1.

20 * Spiro(indoline) pyrido benzoxazines and spiro(indoline) .
naphthoxazine photochromic compounds that color to purple/blue m#y be
represented by the following graphic formula IV.

25
30
IV
R1
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30 (Jerr]-Cerr] alkoxy and fluoro. In graphic formula I X, Z[err] may be
sel ected fromthe group consisting of hydrogen and Y[err]. Each Y[err] and
Z[err] may be selected fromthe group consisting of Clerr]-C[err] alkyl,
Cerr]-Cerr] al koxy, cyano, hydroxy, halogen, preferably chloro or fluoro,
acrylyl, methacrylyl, acryloxy((err]-Cerr]) alkyl, and nethacryl oxy
(dJerr]-Cerr]) alkyl. - 22 - Preferably, each Y[err] and Z[err] are
selected fromthe group consisting of Getr}-Clerr] alkyl, Cerr]-Cerr]

al koxy and fluoro. The letters a and b in graphic fornmula I X are each an

I nteger selected fromthe group consisting of 0, 1 or 2. Wen a or b are O
(zero), the Pphéhglabgregrarhie &ormdiar I, Rpprashbeatelecbehifsnn kheogreumg

hydrogens. congisting of C;~Cg alkyl, e.g., methyl, ethyl, n-propyl, isopropyl,
butyl, etc., phenyl, phen(C;-C,)alkyl, e.g., benzyl,
naphth(C;~C4)alkyl, e.g., l-naphthylmethyl, allyl,

5 acrylyl(Cy-Cglalkyl, methacrylyl- (Co-Cglalkyl, carboxy(C,~Cglalkyl,
e.g., B~carboxyethyl, y-carboxypropyl, §-carboxybutyl,
cyano(Cy~C¢lalkyl, e.g., B—cyanoethyl, y-cyanopropyl,
R-cyanoisopropyl, and §-cyanobutyl, C1—Cq acyloxy(cz-cs)alkyl, i.e.,
[R.C(0)ORy™, wherein R, is a Cy~Cj, alkyl and Ry is a Cp—Cg alkyll,

10 e.g., acetoxyethyl, acetoxypropyl, propionyloxyethyl, acetoxybutyl,
and propionyloxypropyl, hydroxy(cz—cs)alkyl, e.g., hydroxyethyl,
hydroxypropyl and hydroxybutyl, (C,H,0), ® CH3, wherein m is a number
of from 1 to 6, and mono- and disubstituted phenyl, said phenyl
substituents being selected from C;-C, alkyl and C;-Cs alkoxy, e.g.,

15 methoxy, ethoxy, propoxy, butoxy and pentoxy. FPreferably, R; is
selected from the group consisting-of C;~C, alkyl, phenyl, benzyl,
l-naphth(Cy-Cy)alkyl, such as l-naphthylmethyl, carboxy(Cy-C;J)alkyl,
cyano(Cy-Cy)alkyl, C;-C, acyloxy(C,~C,lalkyl, e.g., C1—Cy .
acyloxyethyl, hydroxy(C,~C,)alkyl, and (C,H,0), ® CH3, wherein m is a

20 number of from 1 to 3, e.g., 2.

R, and Ry of the above graphic formula IV may each be
gselected from the group consisting of C;-Cg alkyl, phenyl, mono- and
disubstituted phenyl, benzyl, or R, and Ry may combine to form'a )
cyclic ring selected from the group consisting of an alicyclic ring

25 containing from 6 to 8 carbon atoms (including the spiro carbon atom),
norbornyl and adamantyl. The aforesaid phenyl substituents may be
selected from C;-C, alkyl and C1—Cs5 alkoxy radicals. More
particularly, Ry and Rj are each selected from C1-Cs5 alkyl, e.g.,
methyl, ethyl, propyl, butyl and pentyl, and phenyl. When one of Ry

30 or Ry is a tertiary alkyl radical, such as tertiary butyl or tertiary
amyl, the other is preferably an alkyl radical other than a tertiary
alkyl radical. -

" Y in graphic forﬁula IV may be carbon or niérogen. The
number and type of non-hydrogen substituent groups represented by R,

35 will vary depending upon whethef Y is carbon or nitrogen. Generally,

e —————,
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A-ariety of substituents may be placed on the naphtho portion of the
napht hopyran conpounds of graphic fornula | X. For exanple, the naphtho

noi ety may be substituted in the positions represented by Rerr]-Rerr] - in
graphic formula I X with CJerr]-(err] straight and 10 branched chain al kyl,
Cerr]l.-Cerr] cycloal kyl, phenyl, nono- or di-substituted phenyl,
Cerr]-Cerr] al koxy, halogen, i.e., chlorine, fluorine, bromne and

i odi ne, acrylyl, nmethacrylyl acryloxy (G etr4-Clerr]) alkyl, nethacryl oxy
(err]-Clerr]) alkyl, and five or six-nmenbered heterocyclic groups
connected to the naphthopyran rings by a single 15 bond, e.g., furyl and
t hi enyl . Mor ghemrt e daxPpy eaghdh, e@h@itnﬂwmaycheoge#cteac#q &he [gxRpRr 1]

may be err};oﬁiesrtﬂg ler aamgtenpre thrmspo clﬁ%&oql Kylbmﬁog 0,-0Btdiwy1, et hyl,
n-propyl, is propy but and ent cIo k opentyl
and cycl ohex{L7Cscrek Y’c%e% 7] '"%ﬁ 8%y, et@“@’ Pﬁ’ég Xy,“%ﬁ‘ﬁo@&ﬂdﬁﬁﬁ l%‘P’(ﬁpoxy,
chl orine ((:hhbtt@,,ctunnn tielocpawayp )y -0 monohaloalkyl, e.g., C1-C,

5 monochloroalkyl, such as chloromethyl and chloroethyl, C;-Cqo
polyhaloalkyl, as, for,eXémple, trihaloalkyl such as trichloroalkyl or
trifluorocalkyl, e.g., trifluoromethyl aﬂd 2,2,2-trifluorocethyl, and
monoalkylamino or dialkylamino wherein the alkyl moiety of the
alkylamino group contains from one to four carbon atoms, e.g.,

10 methylamino, ethylamino, propylamino, dimethylamino and diethylamino.

The letter "e" in graphic formula IV is an integer of from O
to 2, e.g., 1, and denotes the number of non-hydrogen R,
substituents. In particular, when "e" is 1 or 2 and Y is carbon, each
R, substituent may be selected from the group  C;-C, alkyl, C;-C,

15 alkoxy, chloro, fluoro, bromo, nitro, and trifluoromethyl. When "e"
is 0 (zero), there are no R, substituents and all of the aromatic
carbon atoms in the naphtho group have their full complement of
hydrogen atoms for the aromatic group shown.

When Y is nitrogen, each R, (non-hydrogen) substituent may be

20 selected from C;-C5 alkyl, e.g., C;-C, alkyl, C1—-C5 alkoxy, e.g.,
C1~C, alkoxy, and halogen, e.g., chloro, fluoro or bromo. Typicaily,
"e" is 0 (zero) when Y is nitrogen and thus there are no R,
substituents.

Each Ry; in graphic formula IV may be selected from C;-Cg

25 alkyl, halogen, C1-Cs alkoxy, nitro, cyano, C,~C, monohaloalkyl, C1~Cy
" polyhaloalkyl, Cl-cs alkoxycarbonyl, and C1-C, acyloxy, i.e.,
R,C(0)0~, wherein R, is a C;~C, alkyl, e.g., methyl. The letter "d"
in graphic formula IV represents an integer that may vary from 0 to &,
e.g., 0 to 2, such as 1 or 2, and denotes the number of non-hydrogen

30 substituents. When "d" is O (zero), there are no Ry; substituents and
all of the aromatic carbon atoms have their full complement of

hydrogén atoms for the indole group.

]
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20 or 3- furyl, 2- or 3- thienyl, phenyl, and ortho-, neta- or

para- substituted phenyl. The aforedescribed phenyl substituent(s) each may
be selected fromthe group consisting of Clerr]-Clerr] alkyl, Cerr]-Cerr]
al koxy, chloro and brono. Preferably, the phenyl group is substituted with
one suybstituent and that substituent is in the para 25 position, e.g.,

p- mret hyl , phenyl, p-chloro phenyl and p-nethoxy phenyl. Still nore
particularly, Rerr]-Rerr] substituents_may.be alkyl, Cerr]-Cerr]

al koxy, chloro, brono, phenyl and Clerr]-Cerr] al koxyphenyl, e.g.,

p- met hoxy phenyl. In nam ng and referring to the naphthopyran conpounds of
30 graphic fornul a | Mpreogarticuisrlyn bspicolf&pdiliop) pyaiddbegsoxazdnasi nfwbesdy as

oot 1 on, 1. o ARk ek OP*eBEpAHRR] oy LAC Rl MRy arbel SeBpAR DY 10

hydrogen. In certain contenpl ated enbodi nents, the naphtho

L

15

‘In graphic formula V, Ry, Ry, and Ry are the same as defined
with respect to graphic formula IV. Each R,' may be selected froﬁ
C;~C5 alkyl, e.g., C;-C, alkyl, C;-C5 alkoxy, e.g., C;~Cy alkoxy and

20 halogen, e.g., chloro, fluoro or bromo. The letter "e" may be 0 or
1. Commonly, "e'" is 0, and thus, there are no Ry’ substituents. When
"e" is 1, the.RA substituent may be located on any of the available
carbon atoms of the pyrido moiety of the pyrido benzoxazine portion of
the compound, i.e., at the 5', 6', 8' 9' or 10' positions, most

25 usually at the 8', 9' or 10' positions.

Each Ryj' in graphic formula V may be selected from the group
consisting of C;-C5 alkyl, e.g., methyl, ethyl, propyl, butyl and
pentyl, halogen, e.g., chloro and fluoro, C1—Cs alkoxy, e.g., methoxy,

. ethoxy, propoxy, butoxy and peﬁtoxy, nitro, cyano, C;-C,

30 monohaloalkyl, e.g., chloromethyl, fluoromethyl, chloroethyl,
chloropropyl, etc., C1-C4 polyhaloalkyl, e.g., trihaloalkyl, C1-Cg
alkoxycarbonyl, and C1-C, acyloxy, i.e., R,C(0)0-, wherein R, is a
C,-C, alkyl, e.g., methyl. An example of an acyloxy group is

acetoxy. While any halogen, i.e., chlorine, bromine, iodine and
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mei ety ring is substituted at the 10-position, at the 10 and Substitute
sheet _- 21 June 1999 23 9-positions, or the 10- and 6-positions, i.e.,
Rlerr], Rerr] and R err], or Rerr] and R err] respectively. 1|In such
enbodi ments, Rerr]-Rerr], Rerr]-Rerr], or Rerr]-Rerr] and RS are
respecti vely each hydrogen. In nam ng the phenyl groups attached to the
pyran ring, the carbon atons are nunbered cl ockwise 5 starting wth the
carbon atom attached to the 3-position of;4he pyran ring. In a particular
enbodi ment, the naphtho noiety is unsubstituted, i.e., Rerr]-Rerr] are
each hydrogen, Y[err] is selected from

fluorine may be used in respect to the .aforesaid halogen or haloalkyl
substituents, chlorine, fluorine and bromine, particularly chlorine
and fluorine, are preferred for the halogen substituent and fluorine
is preferred for the polyhaloalkyl substituent, e.g., trifluoromethyl,
5.(CF3). Preferably, Ry;' is selected from the group consgisting of
C1-Co alkyl, chlorine, fluorine, Cj-Cy trihaloalkyl, e.g.,
trihalomethyl such as trifluoromethyl and C;-Cg alkoxy.
The letter "d" in graphic formula V is gﬁ integer from 0 to
4, e.g., 0 to 2, such as 1 or 2. When "d" is 2 or more, each Rll'

10 substituent may be the same or different and in either case, are
selected from the aforedescribed group. The Rj;' substituent(s) may
be located on any of the available carbon atoms of the benzene ring of
the indolino portion of the compound, i.e., at the &4, 5, 6 or 7
positions. '

15 - It is possible that photochromic organic substances of
graphic formula V (and VI) may be a mixture of isomers due to the
alternative directional mechanism by which intramolecular condensgtion
occurs during formation of the starting indole reactant (Fischer's
base). Indolization of 3-substituted phenylhydrazonés can give rise

20 to a 4-substituted indole, a 6-substituted indole, or mixtures
thereof. Thus, when "d" is 1, the photochromic substance may be
substituted at the 4 position on the indoline ring, at the 6 positiom
of that ring or comprise a mixture of such isomers: When "d" is 2,
the R;;' substituents may be present at any combination of the 4, 5,

25 6, or 7 carbon atoms of the indoline ring and may comprise an isomeric
mixture of such compounds, e.g., a mixture of compounds having
substituents at the 4 and 5, 4 and 6, 5 and 6, 4 and 7, 5 and 7, and 6
and 7 positions of the indoline ring. Commonly, when "d" is 2 the
Ry1' substituents are located at the &4 and 5, or 5 and 6 positions.

30 Also contemplated are materials containing mixtures of such isomers,
e.g., materials comprising 4 (and 6) and 5-substituted spiro(indolino)

pyrido benzoxazines.
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the group consisting of Cferr]-Cferr] alkyl, Cferr]-Cferr] al koxy and
fluorgo, Zlerr] is 10 hydrogen, Y[err] is Cerr]-(ferr] al koxy or hydrogen,
Z[err] is selected formthe group consisting of Jerr]-Clerr] al koxy,
Cerr]-Cerr] alkyl and hydrogen, ais O or 1 and b is 0, 1 or 2. Y[err]
and Z[err] substituents may be | ocated at any of the unsubstituted
positions .of their respective phenyl groups; nanely positions 3, 4, 5 and
6, preferably at the 3, 4 or 5 15 positiqas- Wien a or bis 1, the _
substituent is preferably |located neta or para to the carbon atom attached
to the pyran ring. Wien a and b are 2, the substituents nmay be | ocated at
any two of the unsuNet-ltimieisgcexdnphestofnspioh ({idoliespauiridebeyizorgtingsoup;
nanely positj.0 5 4 and 6, preferably
20 at the 3 a of §§?%ig%r§u1§g?99e 2e ﬁggr%or?&%?é]o%s %Ixcetllrrpl es of the

af or edescri W&1WHF?W}P%§an€}°ﬁEei“ phjch Ry, Ry, Ry, and Ry; ' are as

3(2-fl uor ophaaytated( in mMabhoxyphian Lk} et eraplst 00{z2rd) Pldayr BRe letter "d"

5 is 0, 1 or 2. A hyphen (-) indicates the absence of a non-hydrogen

substituent.
Iable 1
Compound/ Ry Rz R Rii’ Ryy'
10
1 CHy CH3 CHy - -
2 CHj CHg CHg 4(6)-CH3 5-CHg
3 CHy CHj CHy 5-0CH; -
4 CHj CHy CHg 5-C1 6-CHj
15 5 CHj CHj CoHs - -
6 CHy CH; CoHs 5-CHj 4(6)~CHs
7 CHg C,Hs C,Hs - -
8 n-C,Hg CHj C,Hs - -
9 CHj CHq phenyl - -
20 10 CHj phenyl phenyl - - B
11 CyHs CH, C,Hs 4(6)-CH; 5-Cls
12 n-C,Hg CHq CoHs 5-CHg (4)6-CH;
13 CHj " CHj CHg 5-CH3 = (4)6-CHg
14 n-C3H; CHj CHj 5-CHj -
25 15 n-C3Hy CHj CHj 5-0CH3 -
16 n-C3H; CHg CHg 4(6)-CH3 5-CHg

Compound 2 in Table 1 may be named 1,3,3,4(and 6),5-pentamethyl-
30 spiro-[indolino-2,3' [3H]lpyrido [3,2-f] [1,4] benzoxazine].
Similarly, compound 6 in Table 1 may be named 1,3,4(and
6),5-tetramethyl-3-ethylspiro~ [indolino-2,3' [3H] pyrido [3,2~-f]
(1,4] benzoxazine]. Other compounds in Table 1 may be similarly
named taking into account the different substituents. Moreover,

35 compounds derived from the description of gr ula. V may be '




(2) 3(2-fluorophenyl)-3(4'-nmethoxyphenyl) - 8-net hoxy-3H
napht ho[ 2, 1-b] - pyran. 25 (3) 3(2, 4-di net hoxyphenyl)-3 (4
- met hoxyphenyl ) - 3H napht ho[ 2, 1- b] - pyran. (4)
3(2-fluorophenyl)-3(3, 4-di net hoxyphenyl )-3H napht ho[ 2, 1-b] pyran. (5)
3(2- net hyl - 4- net hoxyphenyl ) - 3( 4- net hoxyphenyl ) - 3H 30
napht ho(2,1-b]pyran. (6) 3(2-nethyl phenyl)-3(4-nethoxyphenyl)-3H
napht ho[ 2, 1- b] pyran. (7) - 15 - _
3- phenyl - 3( 2, 4- di met hoxyphenyl ) - 3H napht hos[ 2, 1-b] pyran. (8)
3(2, 6-di f Iwor ophenyl ) - 3( 4- et hoxyphenyl )--3H 35
napht ho[ 2, 1- p{miR¥F B named by substituting the substituents described with
respect to Ry, Ry, Rg, R,' and Rll' for those found in the
description and in Table 1. When the letter 'e" is 1 or more, the
R,' substituent(s) are given a prime (') designation. For
5 nomenclature purposes, numbering of the pyrido benzoxazine portion
of the molecule is counter clockwise starting with the nitrogen atom
of the oxazine ring as the number 1' position. Numbering of the
indolino portion of the molecule is counter clockwise starting with
the nitrogen atom as the number 1 position.
10 Spiro(indolino)naphthoxazines that may be used in the
" practice of the present process may be represented by the following

graphic formula:

15
R Ry
20 Ry, Y
N VI
l REPLAGEMENT SHEET
1 :
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30 wherein Ry, R, and R; are the same as that described with respect to
graphic formula IV.

Each R," substituent in graphic formula VI may be selected
from the group consisting of halogen, e.g., chloro, fluoro, or
bromo, C;-Cg alkyl, €,-C5 alkoxy (e.g., methoxy, ethoxy, propoxy,

35 butoxy and peritoxy), nitro; cyano, thiocyano; C,—~C, monohaloalkyl,



- 24 - A further exanple of organic photochrom c conpounds that exhibit a
col or _.change fromcolorless to yell ow orange are the napht hopyran conpounds
described in International Patent Publication WO 92/09593, a conplete
description of which nmay be reproduced herein 5 if required. In particular
certai.n of such organi c photochrom ¢ conpounds nmay be represented by the
follow ng graphic formula I XA. 10 [err] L in graphic fornula I XA is the
group -WT(Z)=Xg, wherein 20 preferably_Wds oxygen, carbon or nitrogen
such as -0-, |

e.g., Cl-Ch monochloroalkyl, such as chloromethyl and chlorocethyl,
C,-C, polyhaloalkyl, as for example, trihaloalkyl, such as
trichloroalkyl or trifluorocalkyl, e.g., trifluoromethyl and
2,2,2-trifluoroethyl, and monoalkylamino or dialkylamino, wherein

5 the alkyl moiety of the alkylamino group contains from 1 to 4 carbon
atoms, e.g., methylamino, ethylamino, propylamino, dimethylamino and
diethylamino. More particularly, the R,'" substituent may be
selected from the group 01-02 alkyl, cl-cz alkoxy, chloro, fluoro,
bromo, nitro and trifluoromethyl. The letter "e" in graphic formula

10 VI is an integer from 0 to 2, e.g., 1 or 2, and denotes the number
of non-hydrogen R," substituents. When "e" is 0, there are no R,"
substituents and all of the aromatic carbon atoms of the naphtho
moiety of the molecule represented by formula VI have their full
complement of hydrogen atoms for the naphtho group shown.

15 . As in the case with graphic formula V, when "e" is 1, the
R," substituent may be located on any of the available carbon atoms
of the naphtho moiety of the naphthoxazine portion of the molecule,
i.e., at the 5', 6', 7' 8', 9' ‘or 10' positions. Preferably, the'
R," substituent is present on the 7', 8' or 9' carbon atoms. When

20 "e" is 2, the R;" substituents may be same or different and in N
either case are selected from the above-described group. When "e"
is 2, the R," substituents are commonly located at the 7' and 9', or '
8' and 10' positions. For nomenclature purposes, numﬁeriné of
spiro(indolino) naphthoxazines is the same as that described with

25 regard to the spiro(indolino) pyrido benzoxazines of graphic formula
V. Ryy" and the letter "d" in graphic formula VI are the same as
that describgd with respect to Rjj and d in graphic formula IV. '

Non-limiting examples of spiro(indolino) naphthoxazines
selected from the description of graphic formula VI are described in

30 Table 2. Such spiro(indolino) naphthoxazines are those in which Ry,
Ry, R3, R," and Ry " are as indicated in Table 2, the letter "d! is
0, 1 or 2 and the letter "e'" is 1. As in Table 1, a hyphen (-)
indicates the absence of a non-hydrogen substituent. In Table 2,

all of the R," substituents are at the 9' carbon position.
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J-CJ', or -N-J, preferably oxygen, (J and J' are each selected from|

| hydrogen, Cferr]-Clferr] alkyl, or J and J' taken together is a single
oxygen, 25 e.g., -C(O-); T is carbon and bears a partial positive charge;
Zis aderr]-Cerr] alkyl, e.g., nethyl, phenyl, or (Jerr]-Cerr]
nonoal kyl am no, e.g., nethyamno (CHerr]NH); X is oxygen and g is the

i nteger one (1). Exanples of L are acetoxy, benzoyl oxy or nethyl

carbanyl oxy. B and B' in graphic fornula h)¥XA.are each selected from 30
unsubstituted and nono, di or poly substituted aryl groups, phenyl and
napht hyl , preferably nono- or di-substituted phenyl or naphthyl; the
substituted or unsubstituted heterocyclic grQups, pyridyl, .thienyl, furyl,
pi peridinyl, and furfuryl; Cerr]-Cerg kyl, Clerr]-Clerr] haloal kyl,

e.g., (chloro or fluoro) Cerr]-Cerr] alkyr, C{err]-C[qfr] 35
al koxy( [ er r Pompawnd] By kyl , Bperr]-Clarr] cycRaal kyl, Ref'err] - Gar'r]
al koxy( C3- C6) cycl oal kyl , (9'=)
’ 5
1 CHj CHj CHj OCHg - -
2 CHj CH3 CHg OCHj3 5-CHj (4)6~CHj
3 CHs CHy CHj OCHj 5-0CH; -
4 CHg CHq CHjy OCH3 5-C1 (4)6-CH3
10 5 CHg CHg C,Hs OCH; - -
6 CH, CHy CyHs 0CHj 5-CHy (4)6-CHg
7 CH3 C,Hs C,Hs OCHj - -
8 n-C,Hg  CHjg CpHs OCH5 - -
9 CH, CH; phenyl OCHj - -
15 10 CH, phenyl phenyl OCH; - -
11 CH;  p-C¢H,O0CH3 p-CgH,O0CH3 OCHg -
12 CyHs CHg C,Hs 0CHg 5-CHg -
13 n-C Hy  CH3 C,Hs OCHg 5-CHg -

20 Compound 2 in Table 2 may be named 1,3,3,4(and 6),5-pentamethyl-
9'-methoxy-spiro[indolino-2,3' [3H]-naphth [2,1-b] [1,4]-oxazine].
Similarly, compound 6 in Table 2 may be named 1,3,4 (and 6),5-
tetramethyl-3-ethyl-9'-methoxyspiro [indolino-2,3' [3H]-naphth
[2,1-b] [1,4]-oxazine. Other compounds in Table 2 can be similarly

25 named taking into account the different substituents. Moreover,
compounds derived from the description of graphic formula IV may be

similarly named.
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hal o(chloro or fluoro) C3-C6 cycloal kyl, or Brand B may conbi ne and taken
t oget her form adamantylidene. -25- The substituents for the aryl groups
representing B and B nmay be (Jerr]-Cferr] alkyl, Cerr]-Cerr] haloal kyl,
Cerr]-Cerr] alkoxy, (err]-Cerr] alkoxy(([err]-Clerr])al kyl, and
hal ogen. The hal ogen (or halo group in the hal oalkyl) may be chlorine or
fluorine. Phenyl substituents may be 5 located at the ortho, neta, and/or
para positions. Typically, the phenyl subggituent contains |ess than 3
substituents, i.e., zero (none), one or two substituents. Substituents for
t he heterocyclic groups representing B and

Spiro(indolino) benzoxazines compounds that color to

purple/blue'are described in U.S. Patent 4,816,584 may be
represented by the following graphic formula VII.

3

5
(Ry3)4 R R,
10
—N
(Ry2dn
N ©
VII

15 R,

wherein Ry, Ry, Ry and d are the same as described with respect to
20 graphic formula IV and Ry, and Ry3 are each selected from the group
consisting of C;—Cs alkyl, e.g., C;—C, alkyl, C;—Cg alkoxy, e.g.,
C;-Cy alkoxy, preferably methoxy, and h is the integer 1 or 2.
When "h" is 1, the Rig substituent may be located on any of
the available carbon atoms of the benzene ring of the benzoxazine
25 moiety, i.e., at the 5, 6, 7 or 8 positions. Preferably, the Rio
substituent is located at the number 5, 6, or 7 carbon atom. When
"h" is 2, the Ria substituents may be the same or different and in
either case are selected from the above-described group. When "h"
is 2, the Ryy substituents are desirably located at the 5 and 7 or 6
30 and 8 positioms.
Examples of spiro(indolino)benzoxazines within the scope of
graphic formula VII are listed in Table 3. Compound 1 may be
named: 7-methoxy-1',3',3',4' (and 6'), 5'-pentamethylspiro-
[2H-1,4-benzoxazine-2,2'-indoline]. Compounds 2-6 may be similarly
the
REPLACEMENT SHEgT
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B'- may be (Jerr]-Clerr] alkyl, Cerr]-Clerr] haloalkyl, C[err]-Clerr]

al koxy, (ferr]-Cerr] 10 al koxy(Cerr]-Clerr])al kyl, or halogen. The

hal ogen (or halo group in the hal oal kyl) may be chlorine or fluorine.
Preferably B and B' are each phenyl or substituted phenyl, e.g., nono-or
di-(CLerr]-derr])al kyl phenyl, such as nethyl phenyl; nono- or
di-(derr]-Cerr])al koxyphenyl, such as net hoxyphenyl; chlorophenyl and 15
fl uorophenyl . Photochrom ¢ napht hopyrans {\d ng a spiro-adanmant ane group at
the 2-position of the naphthopyran ring are described in U S. Patent
4,826,977. Such conmpounds color to yell ow orange upon activation with W

| i ght, and neybstétu@piscdestrébed\int Tebleol Ifowi figrh?Qompoinis c Mokaaner, X, 25
[err] 30

compounds derived from the description of graphic formula VII may be

.similarly named. In naming the spiro(indoline)benzoxazines, the
IUPAC rules of organic nomenclature have been used. The positions

5 of the indolino portion of the molecule have been numbered
counterclockwise starting with the nitrogen atom as the number one
(1) position, and are identified by a prime number, e.g., 3'. The
positions of the benzoxazine portion of the molecule have been
numbered clockwise starting with the oxygen atom as the number one -

10 (1) positionm.

Iable 3
SUBSTITUENT
Compound
15 No. Ry Ry Rg Ry3 Ry 3 Ryp Ryg
1 Me ‘Me Me 4(6)-Me 5-Me 7-0Me -
2 Me Me Me 4(6)-Me 5-Me 7-0Me 5-0Me
3 Me Me Me 5-0Me - 7-0Me 5-OMe
20 4 Me Me =~ Me 4(6)-Me 5-Me 7-0Me 6—Ome
5 Me Me Et - - 7-OMe  5-OMe
6 nBu Me Me - - 7-0Me .S;OMe
Key:
25 Me = methyl
nBu = n-butyl
Et = ethyl
OMe = methoxy

N‘-—.\-"
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- 26 - wherein Ad represents the adamantane group and Rerr]-Rerr] of
graphic formula X are the sane as that defined with respect to graphic
formula VIIl. The pyran-type conpounds described herein that color to 5
yel | ow orange may be conbined with or used in conjunction with the
phot ogchrom ¢ conmpounds that color to purple/blue, e.g., the
spi rooxazi ne-type conpounds, described herein in anbunts and in a ratio
such that an organic host material to whi@h 1he m xture of conpounds is
applied or in which they are incorporated exhibits a 10 desired resultant
color, e.g., a substantially neutral color such as

Naphthopyran compounds having_a nitrogen-containing

substituent in the 2-position of the pyran ring are described in U.S.
Patent 4,818,096 and may be represented by the following graphic
formula VIII,

1)

10

VIII

15

wherein Rg-R; are each selected from hydrogen, lower alkyl, e.g.,
20 C1-C5 alkyl, C;-Cg alkoxy, hydroxy, C;-Cs alkylamino, or C;-Cg .
dialkylamino, C;-Cs alkylaminophenyl or halogen, e.g., chloro,
provided that R3 and R, are not alkoxy, hydroxy, alkylamino or
dialkylamino, R is lower alkyl, phenyl or phenyl containing a
nitrogen-containing substituent in the ortho- or para- position, and
25 X is an aryl group, e.g., phenyl, having a nitrogen-containing
substituent, in the ortho- or éara— position, e.g., a primary,
secondary or tertiary amino, morpholino, piperidino, pyridino,
pyrazolino or pyrrolidino group.
The aforedescribed photochromic oxazine-type cdmpounds and
30 naphthopyran compounds having a nitrogen-~containing substituent in
the 2-position of the pyran ring color to purple/blue when activated
by UV light. Such compounds exhibit a minima luminous transmission

in the range of 560 to 630 nanometers, and may be used with the
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Shades of gray or brown, when activated with unfiltered sunlight, i.e., as
fhear a neutral color as possible given the colors of the activated pyran
~,and oxazi ne photochroni c conpounds. The relative anounts of the aforesaid
*oxazi ne and pyran conpounds used will vary 15 and depend in part upon the
rel atikve intensities of the color of the activated species of such
conpounds, and the ultimte color desired. Generally, the weight ratio of

t he af oredescri bed oxazi ne conpound(s) to02the pyran conpound(s) wll vary
fromabout 1:3 to about 3:1, e.g., between about 0.75:1 and about 2:1. 20
The phot ochronmic conpositions of the present invention may be applied to or
i ncor por at ed fplkayins (figserihedephotiochyomis r pyrgs - titpeheerpoyade idel ¢alorhko art .
Such net hods ykDidwiigfarpleSHiinY hdCivated WIPR UM MPgHt1C BuHIS! BAESR Phidikypbe host
mat eri al , e. g, |n$|b| LO{ of fhe ppotochronlc subfta ce Anto thefﬁgi&
material by FRTRYEEYF he ™ on in the range o

to 520 nanometers.

inima’ Juminous transmiss

5 Photochromic naphthopyrans having at least ome
ortho—-substituted phenyl group at the 3~position of the pyran ring
are described in U.S. Patent 5,066,818. Such compounds color to
yellow/orange upon activation with UV light and may be represented by
the following graphic formula IX,

10
R
15
(Yz)n
20 IX
(Z22)p
25

In graphic formula IX, Y; may be selected form the group
consisting of Cy-Cg5 alkyl, C1-C5 alkoxy, fluoro and chloro.
Preferably Y; is selected from the group consisting of 61—03 alkyl,

30 C;-C3 alkoxy and fluoro. In graphic formula IX, Z; may be selected
from the group consisting of hydrogen and ¥;. Each Y, and Z, may be
selected from the group consisting of C1-Cs alkyl, Cy-Cs alkoxy,
cyano, hydroxy, halogen, preferably chloro or fluoro, acrylyl,

methacrylyl, acryloxy(Cy-C,) alkyl, and methacryloxy (C;-C,) alkyl.
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25 host material in a hot solution of the photochrom ¢ substance or by

. thermal transfer; providing the photochronm c substance as a separate |ayer
.between adj acent |ayers of the host naterial, e.g., as a part of a polyner
‘film and applying the photochronic substance as part of a coating placed
on the surface of the host material. The term 30 "inbibition" or "inbibe"
Is intended to nean and i nclude perneation of .the photochrom c substance
alone into the host material, solvent assi2z8ted transfer absorption of the
phot ochrom ¢ substance into a porous polyner, vapor phase transfer, and

ot her such transfer nechani sns. - 27 - :
Preferably, each Y, and Zy are selecteg from the group consisting of

Cy1-C3 alkyl, 01—03 alkoxy and fluoro. The letters a and b in graphic
formula IX are each an integer seleéted from the group consisting of
0, 1L or 2. When a or b are 0 (zero), the phenyl groups have their

5 appropriate complement of ring hydrogens.

A variety of substituents may be placed on the naphtho
portion of the naphthopyran compounds of graphic formula IX. For
example, the naphtho moiety may be substituted in the positions
represented by R5—R;g in graphic formula IX with C1~C1g straight and

10 branched chain alkyl, C5-Cy cycléalkyl, phenyl, mono- or

" di-substituted phenyl, C1-C, alkoxy, halogen, i.e., chlorine,
fluorine, bromine and iodine, acrylyl, methacrylyl acryioxy (Cl—Ca)
alkyl, methacryloxy (Cy-C,) alkyl, and five or six-membered
heterocyclic groups connected to the naphthopyran rings by a single

15 bond, e.g., furyl and thienyl. More particularly, when other than
hydrogen, each Rg-Riog may be C;-Cg straight or branched chain alkyl,
e.g., methyl, ethyl, n-propyl, isopropyl, butyl, and pentyl C5-Cg
cycloalkyl, e.g., cyclopentyl and cyclohexyl, C1-C3 alkoxy, e.g.,
methoxy, ethoxy and propoxy, chlorine (chloro), bromine (bromo), 2-

20 or 3- furyl, 2- or 3- thienyl, phenyl, and.ortho—, meta—- or
para-substituted phenyl. The aforedescribed phenyl substituent(s)
each may be selected from the group consisting of Cy-C, alkyl, C;-C,
alkoxy, chloro and bromo. Preferably, the phenyl group is
substituted with one substituent and that substituent is in the para

25 position, e.g., p-methyl, phenyl, p-chloroc phenyl and p-methoxy
phenyi. Still more particularly, Rg~Rig substituents may be 01-03'
alkyl, Cy~C3 alkoxy, chloro, bromo, phenyl and Cy-Cq alkoxyphenyl,
e.g., p~methoxy phenyl. '

In naming and referring to the naphthopyran compounds of

30 graphic formula IX, positions on the naphthopyran rings are numbered
as shown. The naphtho moiety may be substituted at the 5,6;7,8,9
and/or 10 positiomn, i.e., RS‘RIOL When not so substituted, R5-R10
are hydrogen. In certain contemplated embodiments, the naphtho

moiety ring is substituted at the 10-position, at the 10 and
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Conpatible (chemcally and color-wise) tints; i.e., dyes, may be applied to
the host material to achieve a nore aesthetic result, for medical reasons,
or for reasons of fashion. The particular dye selected will vary and depend
‘on the aforesaid need 5 and result to be achieved. In one enbodi ment, the
dye may be selected to conplenent the color resulting fromthe activated
phot ochrom ¢ substances, e.g., to achieve a nore neutral color or absorb a
particul ar wavel ength of incident |ight.~133 anot her enbodi nent, the dye may
be selected to provide a desired hue to the 10 host matrix when the
photochrom ¢ substances is in an unactivated state. The pol ymer host
material wil |9-wsa§¢iloymbent therdfar vk S-pmsiithens,be. &.naRg] uBpegtandr Rew em

opaque. The RQlyERL sr PLlELLRRAY. Oty sl LASYITRENSN IR NEI-sROT 4 YRS the
electronagnetﬂ@ pectrum’ wh 57
and R5 are respectively each hydrogen. In naming the phenyl groups
attached to the pyran ring, the carbon atoms are numbered clockwise
5 starting with the carbon atom attached to the 3-position of the pyran
ring.

In a particular embodiment, the naphtho moiety is
unsubstituted, i.e., Rg-Rjg are each hydrogen, Y; is selected from
the group consisting of C;-C3 alkyl, C;-C3 alkoxy and fluoro, 2Z; is

10 hydrogen, Yy is C;—C3 alkoxy or hydrogen, Z, is selected form the
group consisting of C;-C3 alkoxy, C;-C3 alkyl and hydrogen, a is 0 or
1 and b is 0, 1 or 2. Yo and Zy substituents may be located at ‘any
of the unsubstituted positions of their respective phenyl groups,
namely positions 3, 4, 5 and 6, preferably at the 3, 4 or 5

15 positions. When a or b is 1, the substituent is preferably'locaﬁed
meta or para to the carbon atom attached to the pyran ring. When a
and b are 2, the substituents may be located at any two of the
unsubstituted carbon atoms of the respective phenyl group; namely
positions 3 and 4, 3 and 5, 3 and 6, &4 and 5 6r 4 and 6, preferably

20 at the 3 and 4, 3 and 5 or 4 and 5 carbon atoms.

Examples of the aforedescribed naphthopyrans include:

(1) 3(2-fluorophenyl)-3(4-methoxyphenyl)-3H-naphtho[2,1-b]lpyran.
(2) 3(2-fluorophenyl)-3(4'-methoxyphenyl)-8~methoxy-3H-
naphtho[2,1-b]-pyran.
25 (3) 3(2,4-dimethoxyphenyl)-3(4'-methoxyphenyl)~3H-
naphtho[2,1-b]-pyran.
(4) 3(2-fluorophenyl)-3(3,4-dimethoxyphenyl)-3H-
naphtho[2,1-b]pyran.
(5) 3(2-methyl-4-methoxyphenyl)-3(4-methoxyphenyl)-3H-
30 '~ naphtho[2,1-b]pyran.
(6) 3(Z-methylphenyl)—3(h—methoxyphenyl)-3H-
naphtho(2,1-b]pyran. '
(7) 3-pheny1—3(Z,A—dimethoxyphenyl)-BH-naphtho[2,1—b]pyran.
(8) 3(2,6~dif1uoropheny1)—3(h-methoxyphenyl)-—BH-

35 ~ naphtho([2,1-b]-pyran. REPLACEMENT SHEET
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15 activates the photochrom c substance, i.e., that wavel ength of
iultraviolet (W) light that produces the open formof the substance and

t hat "portion of the visible spectrumthat includes the absorption maxi mum
fwavel ength of the substance in its UV activated form i.e., the open form
Further, the resin color should not be such that it 20 nmasks the col or of
the activated form of the photochronic substance, i.e., so the change in
color is readily apparent to the observer2sRfeferably, the host nmateria
article is a solid transparent or optically clear material, e.g., materials
suitable for optical applications, such as plano and ophthal mc | enses,

wi ndows, 25 aut onpt i & urthars pranpiei of organic pheteghromicdgompoupds Jfhat
transparenci ggnimdlcagtdolos @Rhid ErofloloENEPLE el ollOThng@ a2l Bhes Whi ch may

ed with th h hr om I Lt rd herein
Pﬁ c Fﬁgg t ntapt?th%p]%a%c con?prgurcxdss L«!’lbeggr Ce Sino In%ggg(gior&alo ggtgne‘:s gubpiecgtxgn €

WO 92/09593, a complete description of which may be reproduced herein
S if required. In particular, certain of such_organic photochromic

compounds may be represented by the following graphic formula IXA.

10

REPLACEMENT SHEET
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15

L in graphic formula IXA is the group -W-T(Z)=Xg, wherein

20 preferably W is oxygen, carbon or nitrogen such as -0,

J-C-J', or -N-J, preferably oxygen, (J and J' are each selected from

hydrogen, C1-C, alkyl, or J and J' taken together is a single oxygen,

25 e.g., =C(0)-); T is carbon and bears a partial positive charge; Z is
a C;-C, alkyl, e.g., methyl, phenyl, or C;-C, monoalkylamino, e.g.,
methyamino (CH3NH-); X is oxygen and g is the integer ome (1).
Examples of L are acetoxy, benzoyloxy or methyl carbamyloxy.

B and B' in graphic formula IXA are each selected from

30 unsubstituted and mono, di or poly substituted aryl groups, phenyl
and naphthyl, preferably mono— or di-substituted phenyl or naphthyl;
the substituted or unsubstituted heterocyclic groups, pyridyl,
thienyl, furyl, piperidinyl, and furfuryl; C;-C, alkyl, Cy1-C,
haloalkyl, e.g., (chloro or fluoro) Cy-C, alkyl, C;-C,

35 alkoxy(Cy-Cg)alkyl, C3-C¢ cycloalkyl, Cy-C, alkoxy(C3-Cg)cycloalkyl,
halo(chloro or fluoro) C3-Cg cycloalkyl, or B and B' may combine and

taken together form adamantylidene.



polyners, i.e., honmopol yners and copol yners, of polyol (allyl 30 carbonate)
mononers, polyners, i.e., honopol yners and copol yners, of polyfunctional
acryl ate nononers, polyacrylates, poly(alkylacrylates) such as pol y(nethyl
‘met hacryl ate), cellul ose acetate, cellulose triacetate, cellul ose acetate
propi enate, cellul ose acetate butyrate, poly(vinyl acetate), poly(vinyl

al cohol), poly(vinyl chloride), 35 poly(vinylidene chloride),

pol yur et hanes, pol ycarbonat es, - 28 = 30oky(ethyl ene terephthal ate),

pol ystyrene, copol y(styrene-nethyl nethacryl ate) .

copol y(styrene-acrylonitrile), o%yvinylbut ral and polyners, i.e.,
&FIth a8 groups representing B and B'

honopol yners and copBfyiRsEitugpty
may be Cy-C, alkyl, C;-C, haloalkyl, Cy—-C, alkoxy, C;-C,

alkoxy(C;-C,)alkyl, and halogen. The halogen (or halo group in the
haloalkyl) may be chlorine or fluorine. Ppenyl substituents may be
5 located at the ortho, meta, and/or para positions. Typically, the
phenyl substituent contains less than 3 substituents, i.e., zero
(none), one or two substituents.
Substituents for the heterocyclic groups representing B and
B' may be Cy-C, alkyl, C;-C, haloalkyl, C1-C, alkoxy, C;-C,
10 alkoxy(cl-Ch)alkyl, or halogen. The halogen (or halo group in the
haloalkyl) may be chlorine or fluorine.
Preferably B and B' are each phenyl or subsfituted phenyl,
e.g., mono—or di-(C;~C,)alkyl phenyl, such as methylphenyl; mono- or
di-(cl-ca)alkoxyphenyl, such as methoxyphenyl; chlorophenyl and
15 fluorophenyl.
Photochromic naphthopyrans having a spiro-adamantane group
at the 2-position of the naphthopyran ring are described in U.S.
Patent 4,826,977. Such compounds color to yellow/orange upon
activation with UV light, and may be represented by the following
20 graphic formula X,

25

30
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pentaerythritol, particularly copolyners with polyol (allyl 5 carbonate)
mononers, e.g., diethylene glycol bis(allyl carbonate), and acrylate
monomers. Transparent copol yners and bl ends of transparent polymers are

‘al so suitable as host materials. Preferably, the host material is an
optically clear polynerized organic material prepared froma 10

pol ycarbonate resin, such as the carbonate-linked resin derived from

bi sphenol A and phosgene, which is sol d-uéler the trademark, LEXAN, a

pol y(met hyl methacrylate), such as the material sold under the tradenark,
PLEXI GLAS; polynerizates of a polyol (allyl carbonate) nononer, especially
di et hyl ene gFiREsiinAd rapresents, ihgnedampntane sFouws apd 1o iof ssephignder the

trademar k CReSfnulamd drel e eadela@Stift aoPRIeMPIth SdspecROty Grapiid V!
car bonate), gxgn , d‘} hyl ene glycol bis(allyl carbonate), wth other
copol yneri za P “r’ano ric materials,

The pyran-type compounds describgd herein that color to

5 yellow/orange may be combined with or used in conjunction with the
photochromic compounds that color to purple/blue, e.g., the
spirooxazine-type compounds, described herein in amounts and in a
ratio such that an organic host matefial to which the mixture of
compounds is applied or in which they are incorporated exhibits a

10 desired resultant color, e.g;, a substantially neutral color such as
shades of gray or brown, when activated with unfiltered sunlight,
i.e., as near a neutral color as possible given the colors of the
activated pyran and oxazine photochromic compounds. The relative
amounts of the aforesaid oxazine and pyran compounds used will vary

15 and depend in part upon the relative intensities of the color of the
activated species of such compounds, and the ultimate color desired.
Generally, the weight ratio of the aforedescribed oxazine compound(s)
to the pyran compound(s) will vary from about 1:3 to about 3:1, e.g.,
between about 0.75:1 and about 2:1.

20 ' The photochromic compositions of the present invention may
be 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

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

_ 30 "imbibition" or "imbibe" is intended to mean and include permeation
of the photochromic substance alone into the host material, solvent
assisted transfer absorption of the photochromic substance into a
porous polymer, vapor phase transfer, and othef such transfer

mechanisms.




such as copolynmers wth vinyl acetate, e.g., copol ymeLs of+$+om o““"é-
percent diethyl ene glycol bis(allyl carbonate) and 10f ZEPpACHKMENT. SBEF!
acetate, particularly 80-85 percent of the bis(allyl pagbomare) and 1)5-120
‘percent vinyl acetate, and copolynmers with a pol yurethahe gggg“q ]
di acrylate functionality, as described in U S. patent}4}360] an
4,994, 208; cellul ose acetate; cellul ose propionate, cgl
cellul ose acetate butyrate, polystyrene -add 25 copol yfers of styrene with
met hyl nethacrylate, vinyl acetate and acrylonitrile. Yre—amouni of

hot ochrom ¢ substance or ,conposition containing sage applied to or
Pncorporat ed into a ﬁB‘EﬂatPrBJt"e F‘é?‘“iicgnﬁofm‘?:rQQPEﬁisﬁgg%“(}é_d Y4Rar dyes,
sufficient anmynbe iapplibey td Cther RELLCRaferdQl RROLOIKTEvaNT: anorkf &gdthdtscer ni bl e
to the naked.rgxglypgnra}%%lli\c/gf Irggs'on%;?noerr tlnl:'yresalélgrps %rgoyglsthiggl.n t].'gedescrl bed as
a phot ochrom'™c arount . e

particular dye selected will vary and depend on the aforesaid need

5 and result to be achieved. In one embodiment, the dye may be
selected to complement the color resulting from the activated
photochromic substances, e.g., to achieve a more neutral color or
absorb a particular wavelength of incident light. In another
embodiment, the dye may be selected to provide a desired hue to the

10 host matrix when the photochromic substances is in an unactivated
state.

The polymer host material will usually be transparent, but
may be translucent or even opaque. The polymer product need only be
transparent to that portion of the electromagnetic spectrum, which

15 activates the photochromic substance, i.e., that wavelength of
ultraviolet (UV) light that produces the open form of the substance
and that portion of the visible spectrum that includes the absorption
maximum wavelength of the substance in its UV activated form, i.e.,
the open form. Further, the resin color should not be such that it

20 masks the color of the activated form of the photochromic substance,
i.e., so the change in color is readily apparent to the observer.
Preferably, the host material article is a solid transparent or
optically clear material, e.g., materials suitable for optical
applications, such as plano and ophthalmic lenses, windows, -

25 automotive transparencies, e.g., windshields, aircraft
transparencies, plastic sheeting, etc.

Examples of host materials which may be used with the
photochromic substances or compositions described herein include:
polymers, i.e., homopolymers and copolymers, of polyol(allyl

30 carbonate) monomers, polymers, i.e., homopolymers and copolymers, of
polyfunctional acrylate monomers, polyacrylates, poly(alkylacrylates)
such as poly(methyl methacrylate), cellulose acetate, cellulose
triacetate, cellulose acetate propionate, cellulose acetate butyrate,
poly(vinyl acetate), poly(vinyl alcohol), poly(vinyl chloride),

35 poly(vinylidene chloride), polyurethanes, polycarbonates,



particul ar anount used depends often upon the intensity of color desired
upon irradiation thereof and upon the nethod used to incorporate or apply
the photochronmic substances. Typically, the Substitute sheet - 21 June
1999 - 29 - nore conpound applied or incorporated, the greater is the color
intensity. Cenerally, the anmount of total photochrom c substance '

I ncorporated into or applied to a photochrom c optical host material may
range from about 0.15 to about 0.35 ml+i2f ans per square 5 centineter of
surface to which the photochrom c substance(s) is incorporated or applied.

-

poly(ethylene terephthalate), polystyrgpe, copoly(styreqe—methyl
methacrylate) copoly(styrene-acrylonitrile), polyvinyibutyral and
polymers, i.e., homopolymers and copolymers, of diallylidene
pentaerythritol, particularly copolymers w}th polyol (allyl

5 carbonate) monomers, e.g., diethylene glycol bis(allyl carbonate),
and acrylate monomers. .

Transparent copolymers and blends of transparent polymers

are also suitable as host materials. Preferably, the host material
is an optically clear polymerized organic material prepared from a

10 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, PLEXIGLAS; polymerizates of a polyol(allyl carbonate)
monomer, especially diethylene glycol bis(allyl carbonéte), which

15 monomer is sold under the trademark CR-39, and polymeriiates 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.

20 vinyl acetate, particularly 80-85 percent of the bis(allyl carbonate)
and 15-20 percent vinyl acetate, and copolymers with a polyurethaﬁé
having terminal diacrylate functionality, as described in U.S. patent
4,360,653 and 4,994,208; cellulose acetate; cellulose propionate,
cellulose butyrate, cellulose acetate butyrate;'polystyrene and

25 copolymers of styrene with methyl methacrylate, vinyl acetate and
acrylonitrile. '

" The amount of photochromic substance or composition
containing same applied to or ircorporated into a host material is
not critical provided that a sufficient amount is used to produce a

30 photochromic effect discernible to the naked eye upon activation.
Generally such amount can be described as a photochromic amount. The
particular amount used depends often upon the intensity of color
desired upon irradiation thereof and upon the method used to

Typically, the

incorporate or apply the photochromic substances.




The present invention is nore particularly described in the follow ng
exanpl es which are intended as illustrative only, since numerous .

nmodi fi"cati ons and variations therein will be apparent to 10 those skilled
inthe art. EXAMPLE To 3.5 granms (g) of a 10 wei ght percent sol ution of
ethyl cellulose in toluene was added 32 mlligrams (ng) of a mxture of the
15 foll ow ng photochrom c conpounds, (a) 3(2, 4-dinethoxyphenyl)- 3(4

- met hoxyphenyl ) - 3H-napht ho[ 2, 1- b] - pyran- )~ 3, 3, 4(and
6),5-tetranethyl-1-n- propylsplro[:n?ollno 2, ? [ 3H| Eyrldo [3,2-f] [1,4]
benzoxazi ne and 3,3 d| met hyl -1 - n- propyl - 5- net hoxyspi r o-

[i ndol i no- 2] 'P;°‘[33H]°& dyepglied °f"]y{"1°°4'}’°%?ﬂox§?i BEjateThis \Be ARloP0 ratio of
t he phot ochr dutensdoypoGegeralay, (the: éﬁb)mt(v&s 8615 pRELochiatlic] bd¥tance .

material (s), i&g5f3giiig%Qiﬁ£L I@ ﬁ%lied e %dgLéLromic optical host material
may range from about 0.15 to about 0.35 milligrams per square
5 centimeter of surface to which the photoch;omic substance(s) is
incorporated or applied.

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

10 those skilled in the art.

EXAMPLE
To 3.5 grams (g) of a 10 weight percent solution of ethyl
cellulose in toluene was added 32 milligrams (mg) of a mixture of the
15 following photochromic compounds, (a) 3(2,4-dimethoxyphenyl)-
3(4'-methoxyphenyl)-3H-naphtho[2,1-b]~pyran, (b) 3,3,4(and
6),S—tetramethyl-l-n-propylspirotindolino-z,3'[3ﬂ] pyrido [3,2-f]
[1,4] benzoxazine], and (c) 3,3-dimethyl—-l-n-propyl-5-methoxyspiro-
[indolino-2,3'[3H] pyrido [3,2-£][1,4] benzoxazine]. The weight
20 ratio of the photochromic compounds (a):(b):(c) was 40:35:25.
Stabilizer material(s), as defined in Table II, was added to
the photochromic solution and the resultant mixture applied as a film
of about 0.020 inches to duplicate glass slides using a wet film
blade applicator. The film was heated to 90°C. for thirty minutes to
25 produce a dry photochromic ethyl cellulose film. The light fatigue
resistance of the photochromic film was me;sured on an Ealing
Triangular optical bench equipped with a 300 watt Xenon arc lamp.
Light from the arc lamp was passed through a copper sulfate bath to
remove infrared, a neutral density filter to regulate irradiance, a
30 shutter assembly and then the sample. The optical density of the
activated photochromic film was monitored with a silicon photo

detector/radiometér assembly.
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t he photochrom c solution and the resultant m xture applied as a fil m of
‘about 0.020 inches to duplicate glass slides using a wet film bl ade

appl i=cator. The filmwas heated to 90[err]C. for thirty mnutes to 25
produce a dry photochrom c ethyl cellulose film The Iight fatigue

resi stance of the photochromc filmwas neasured on an Ealing Triangul ar
optical bench equipped with a 300 watt Xenon arc |anp. Light fromthe arc
| anp was passed through a copper sulfate bath to renove infrared, a neutra
density filter to regulate irradiance, a 30 shutter assenbly and then the
sanple. The-optical density of the actlwﬁtgd phot ochrom c fil mwas
nonitored with a silicon photo detector/Tadi oneter assenbly.

Results are tabulated in Table II.

TABLE II
5 Amount of !
Stabilizer Mtl. Weight Ratio Fatiguel (hrs.)
Sample Stabilizer mg/32 mg Total Stabilizer/
_No. Material(s) _Photochromic ITotal Photochromic I(1/4)  IT(1/2)
10 1. NONE - — . 145 295
2. BaLs? A 1/8 190 355
3. HaLs3 4 1/8 140 300
&, HALS3 16 1/2 145 290
5. HALSY A 1/8 160 310
15 6. HALS® 16 1/2 180 360
7. OXANILIDE® . 1/8 135 270
8. OXANILIDE® 8 1/4 : 140 280
9. OXANILIDES 4 1/8 105 230
10 OXANILIDES 8 /4 130 280
20 11 OXANTLIDES 16 3/4 ' 245 486
HALS® 8 _
12,  OXANILIDE’ 16 3/4 210 410
HALS® 8

25 Legend for Table II

1. The rate at which the photochromic response decreases with
extended exposure to ultraviolet light supplied by UVA-351 lamps.
T(1/4) and T(1/2) is the time in hours for the photochromic response to

30 decrease to 1/4 and 1/2 respectively of the initial pho;ochromic
responge (amount of darkening as measured by the change in optical
density).
2. Bis(2,2,6,6-tetramethyl-4-piperidyl sebacate) —
3. SANDUVOR 3052 hindered amine light stabilizer
4.  SANDUVOR 3050 hindered amine light stabilizer
5. SANDUVOR 3206 oxanilide
6. SANDUVOR VSU, o-ethoxy-o'ethyl oxalic acid bis anilide

35




- 30 - Results are tabulated in Table Il. TABLE Il 5

Amount of Stabilizer MI. Wight Ratio Fatigue[err] (hrs.) Sanple
St abi i zer ng/ 32 ny Total Stabilizer/ No. Material(s)

‘Phot ochronmic Total Photochromic  T(1/4) T(1/2) 10 1. NONE

- - - 145 295 2. HALS[ err]

4 ) 1/8 190 355 HALS[err] 4
1/8 140 300 4. HALSf e r] 16

1/ 2 145 290 5. HALS[ er r] 4

1/8 . 160 310 15 6. HALS[ err] 16

1/ 2 180 OXANI LI.DE5 4

1/ 8 135 The data 2§cFab1e II show that certain HALS materials may

provide some resistance to light fatigue (Sample Nos. 2, 5 and 6), while

other HALS materials make the light fatigue resistance worse or have no
5 effect (Sample Nos. 3 and &). The oxanilide materials did not improve

the light fatigue resistance. However, the combination of oxanilide and

HALS materials in the amounts shown significantly increase the light

fatigue resistance of the photochromic compositions (Samples 11 and

12). '

10 | Although the present invention has been described with
reference to the specific details of particular embodiments thereof, it
is not intended that such details should be regarded as limitations upon
the scope of the invention except as to the extent that they are
included in the accompanying claims.
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10 - OXANI LI DE6 8 1/ 4

20 11 OXANI LI DE[ err] 16 3/4

486 HALS[err] 8 12. OXANI LI DE5 16

3/4 210 410 HALS[ err] 8 25 Legend for

Table I'l 1. The rate at which the photﬁc"r?rﬁmc response decreases with
ext ended exposure to ultraviolet light supplied by UVA-351 |anps. T(1/4)
and T(1/2) iSat time in hours for the photochrom c response to 30
decrease to d 1/2 respectively of the iLnitial photochrom c response
(amount of darkening as neasured by the change in optical density).

l. A photochromic optical article of improved resistance to
light fatigue comprising an organic polymeric host material and a
5 photochromic composztion comprising, in combination,
(a) a photochromlc amount of photochromic material having a
minima luminous transmission in the range of 560 to 630
nanometers,
(b) a photochromic amount of photochromic material having a
10 minima luminous transmission in the range of 430 to 520
nanometers, and
(¢c) from 0.3 to 1.5 parts, per part of photochromic material,
of light stabilizers comprising, in combinationm, T
(1) hindered amine light stabilizer, and
15 (2) asymmetric diaryloxalamide light stabilizer, the
weight ratio of diaryloxalamide to hindered amine
light stabilizer being from about 1l:1 to about 3:1.

2. The article of claim 1 wherein,

20 (a) the photochromic material having a minima luminous
transmission in the range of 560 to 630 nanometers is
selected from tﬁe group consisting of spiro-oxazine

. photochromic compounds and naphthopyran compounds having a
nitrogen-containing substituent at the 2-position of the

25 ' p&ran ring,

(b) the photochromic material having a minima luminous
transmission in the. range of 430 to 520 nanometers is a
naphthopyran photochromic compound other than those
photochromid compounds having a nitrogen-containing

30 substituent at the 2-position of the pyran ring, and

(c) the weight ratio of photochromic material (é) to
photqchromic material (b) being from about 1:3 to about
3:1.
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2.~ Bis(2,2,6,6-tetranmethyl-4- plperldyl sebacate) 3. SANDUVOR 3052

hi ndered amine light stabilizer 35 jmm/lmmmgered ani ne

| i ght “stabilizer 5. SANDUVOR 3206 oxanllld

0-et héxy-o' ethyl oxalic acid bis anilide - 81 % the"data of Table |
show that certain HALS materials may provi de sone resistance to light
fatigue (Sanple Nos. 2, 5 and 6), while other HALS materials nmake the |ight
fatigue resistance worse or have no 5 effggt_(Sanple Nos. 3 and 4). The

oxanilide materials did not inprove the |light fatigue resistance. However,

t he conbi nation of oxanilide and
3. The article of claim 2 wherein spiro-oxazine photochromic

material (a) is selected from spiro(indoline) pyrido benzoxazines,
spiro(indoline) naphthoxazines and spiro(indoline) benzoxazines, and the
naphthopyran photochromic material (b)is selected from naphthopyrans

5 having a spiro-adamantane group at the 2-position of the naphthopyran
ring and naphthopyrans having at least one ortho-substituted phenyl
group at the 3-position of the pyran ring.

4. The article of claim 3 wherein the hindered amine light
10 stabilizer is bis(1,2,2,6,6-pentamethyl-4—piperdinyl)[3,5-
bis(l,1-dimethylethyl-4-hydroxyphenyl) methyl] butyl propanedioate and
the diaryloxalamide light stabilizer is o-ethoxy-o'-ethyl-oxalic acid

bis anilide.
15 5. The article of claim 3 wherein the article is a lens.
é. "The article of claim 4 wherein the article is a lens.

7. The article of claim 1 wherein the organic polymeric host

20 material is selected from the group consisting of polymers prepared from
polyol(allyl carbonate) monomer, polyfunctional acrylate monomer,
acrylate monomer, alkylacrylate monomer, cellulose acetate, cellulose
triacetate, cellulose acetate propionate, cellulose acetate butyrate,
poly(vinyl acetate), poly(vinyl alcohol), poly(vinyl chloride)

25 poly(vinylidene chloride), polycarbonate, polyurethanes, poly(ethylene
terephthalate), polystyrene, copoly(styrene-methyl methacrylate),
copoly(styrene-acrylonitrile), polyvinylbutyral and diallylidene
pentaerythritol.

30 8. The article of claim 3 wherein the organic polymeric host

material is a polymer prepared from polyol(allyl carbonate) monomer.

—_—

——
—
-

This Sheet Has

N T

REPLACEMENT sHegr

09 0cT 199




HALS materials in the anbunts shown significantly incre he Iight
f-ati gue resistance of the phot ochrom ¢ conpositions (Sanples 11 and
Al t hotigh the present invention has been described with rﬁ'mlam
specific details of particular enbodinents thereof, it ﬂ "Imat
such details should be regarded as |imtations upon the stopfe of w
i nvention except as to the extent that they are incl uded in the .
acconpanyi ng cl ai ns. - 32 - CLAIM5 1~ 34 -A photochromic optical article
of inproved resistance to |light fatigue conprising
9. A photochromic optical article of improved resistance to
light fatigue comprising a solid transparent organic polymeric host
material and a photochromic composition comprising, in combinationm,
(a) a photochromic amount of a photochromic material having a
S minima luminous transmission in the range of 580 to 620
nanometers, ‘
(b) a photochromic amount of a photochromic material having a
minima luminous transmission in the range of 450 to 500
nanometers,
10 (¢) from 0.3 to 1.0 part, per part of photochromic material,
~ of light stabilizers comprising, in combinatiom,
(1) hindered amine light stabilizer, and
(2) asymmetric diaryloxalamide light stabilizer, the
weight ratio of diaryloxalamide to hindered amine
15 light stabilizer being from about 1:1 to about 3:1.

10. The article of claim 9 wherein the organic polymeric host
material is a homopolymer or copolymer of diethylene glycol bis(allyl
carbonate), polycarbonate resin, poly(methyl methacrylate) or poly(vinyl

20 butyral).

11. The article of claim 9 wherein photochromic material (a)
is selected from the group consisting of spiro-oxazine photochromic
compounds and naphthopyran compounds having a nitrogen—containing

25 substituent at the 2-position of the ﬁyran ring, photoéhromic material
(b) is a naphthopyran compound other than those having a
nitrogen-containing substituent at the 2-position of the pyran ring, and
the weight ratio of photochromic material (a) to photochromic material
(b) being from about 1:3 to.about 3:1.

30
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an organi c- pUI—;rnEr'TT:—th't'—‘t erial and a photochrom c conposition

conpri si ng, (a) a photochrom c¢ anount of organic
phot oChr omi Hmm Ei' a mnim |um nuous transm ssion in the range
of 56D to 6 a phot ochrom ¢ anhount of organic

phot ochrom ¢ materi al havi ng a mnima lumnous transmi ssion in the range of
430 to 520 nanorneters, and (c) from0.3 to 1.5 parts, per part of organic
phot ochronmic material, of light stabilize¥s=conprising, in conbination, (1)
hi ndered am ne |ight stabilizer, and (2) asymretric diaryl oxal am de I i ght

stabilizer, the weight ratio of di al am de o hindered, amne lig
stabilizer being f rg‘% a agtigle o a\é&) fll"’“"f‘*l“ SPHRYXpEing @hBF“ar&‘i“?ﬁ 1

wherein, (a)matetrhel fadt bxlsebedtedntdoer spilroli fvdalgne) pypida bletigdtaztifies,
transm ssion ﬂf}okiﬁﬁoline) naphthoxazines and spiro(indoline) benzoxazines, and the
naphthopyran photochromic material (b)is selected from naphthopyrans
5 having a spiro-adamantane group at the 2—p$sition of the naphthopyran
ring and naphthopyrans having at least one ortho-substituted phenyl
group at the 3-position of the pyran ring.

" 13. The artiple of claim 12 wherein the organic polymeric host
10 material is a homopolymer or copolymer of diethylene glycol bis(allyl

carbonate).
14, The article of claim 13 wherein the article is a lens.

15 15. The article of claim 13 wherein the hindered amine light
stabilizer is bis(1,2,2,6,6-pentamethyl-4-piperdinyl)[3,5~
bis(1l,l-dimethylethyl-4-hydroxyphenyl) methyl] butyl propanedioate and
the diaryloxalamide light stabilizer is o-ethoxy-o'~ethyl-oxalic acid
bis anilide.

20 '
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range of 560 to 630 nanoneters is selected fromthe group consisting of

$pi r o- oxazi ne photochrom c¢ conpounds and napht hopyran conpounds having a
nitrogen-containi ng substituent at the 2-position of the pyran ring, -
33 - (b) t he photochromic material having a mninma | um nous transm ssion
in the range of 430 to 520 nanoneters is a napht hopyran photochrom c
conpound ot her than those photochrom c conpounds having a

ni trogen-containing substituent at the 2-position of the pyran ring, and

(c) the weight ratio of phOtOﬁgﬁ@ghggﬁﬁiﬁéhi&zéf&nfo phot ochrom ¢
material (b) being fromabout 1 T3t The article of claim
2 wherein spiro-oxazine photochromc material (a) is selected '

PHOTOCHROMIC COMROSITIONS OF IMPROVED FATIGUE RESISTANCE

Photochromic optical articles of improved resistance to light
fatigue are provided by the use of, a combination of hindered amine light
5 stabilizer and asymmetric diaryloxalamide light stabilizer with a
mixture of (1) photochromic material having a minima luminous
transmission in the range of 560 to 630 nanometers and (2) photochromic
material having a minima luminous transmission in the range of 430 to

520 nanometers.

18
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from spire{+ndeline) pyrido benzoxazines, spiro(indoline) qLotals=3 105

napht hoxazi nes

s o ssord NABIMENIR " 557, on: " hee ek e, S
ed p e

napht hopyr ans hav

and spiro(indoline) benzoxazi nes, and the naphthopyran

ng' ats | @ast one ortho-substitl henyl group at” t

3-position of the pyran ring. 4. The icle of claim3 wherein the
hi ndered amine |ight stabilizer is bis(1,272,6, 6-

pent anet hyl CLAIMS

r-dinyl)[3,5-bis(1, 1-di net hyl et hyl - 4- hydr oxyphenyl )

met hyl ] butyl propanedi oate and the diaryl oxal am de |ight stabilizer is
o-et hoxy-o' -ethyl-oxalic acid bis anilide. 5. The article of claim3

whor ai b ) . . D The : . :
nrciclo i o 4% ondd BybidcltolfSoucll ancle BPiniirbled fesffants 8 sk MBI Cinbriling
pol yneri ¢ haat orgahier pelymeric Swisie aiatetial ranch 4 hyhogychtmic ocompusition cdmpridiggre ib

nononer, ac

pr epar ed fromwgpl
COMAM@URnoner, al kyl acryl ate nmononer, cell ul ose

¥i0| (all'yl carbonate) nononer, polyfunctional acrylate

(@)  aphotochromic amoﬁnt of organic photochromic material having a minima

luminuous transmission in the range of 560 to 630 nanometers,

(b)  aphotochromic amount of organic photochromic material having a minima

luminous transmission in the range of 430 to 520 nanometers, and

© from 0.3 to 1.5 parts, per part of organic photochromic material, of light

stabilizers comprising, in combination,
(1) hindered amine light stabilizer, and

(2) asymmetric diaryloxalamide light stabilizer, the weight ratio of
diaryloxalamide to hindered amine light stabilizer being from about
1:1 to about 3:1. |

The article of claim 1 wheréin,

(a) the photochromic material having a minima luminous transmission in the
range of 560 to 630 nanometers is selected from the group consisting of
spiro-oxazine photochromic compounds and naphthopyran compounds

having a nitrogen-containing substituent at the 2-position of the pyran ring,
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acetate, cellulose triacetate, cellul ose acetate propionate, cellul ose

acetate but
pol y(vi nyl

yrate, -34 - poly(vinyl acetate), poly(vinyl alcohol,
chl oride) pol y(vinylidene chloride), polycarbonate '

pol yur et hanes, poly(ethylene terephthalate), pog 6§98-
met hyl nethacryl ate), copoly(styrene-acrylonitri pol yvi ny uty af and

diallylidene pentaerythritol. 8. The icle n the
organi ¢ polyneric host naterial is a ppl' r pre mlmm,ln!!u mml(al | yl
' C

car bonat e)

nononer. 9. A photochrom c optical arte Ismpkoved

resistance to light fatigue conprising a solid transparent organj c

pol yneric host Jer i she phptochremis: matsrial havieg, AfBEIMA dWmingHs tradsmigsion in the

conbi-nat i on,

range of 430 to 520 nanometers is a naphthopyran photochromic compound
other than those photochromic compounds having a nitrogen-containing
substituent at the 2-position of the pyran ring, and

© the weight ratio of photochromic material (a) to photochromic material (b) -
being from about 1:3 to about 3:1.

3. The article of claim 2 wherein spiro-oxazine photochromic material (a) is selected
from spiro(indoline) pyrido benzoxazines, spiro(indoline) naphthoiazines and
spiro(indoline) benzoxazines, and the naphthopyran photochromic material (b) is selected
from naphthopyrans having a spiro-adamantane group at the 2-position of the naphthopyran
ring and naphthopyrans having at least one ortho-substituted pheriyl group at the 3-position
of the pyran ring.

4, The article of claim 3 wherein the hindered amine light stabilizer is bis(1,2,2,6,6-
pentamethyl-4-piper-diny1)[3,5-bis(1,1-dimethylethyl-4-hydroxyphenyl) methyl]butyl
propanedioate and the diaryloxalamide light stabilizer is o-ethoxy-o’-ethyl-oxalic acid bis
anilide.

5. The article of claim 3 wherein the article is a lens.
6. The article of claim 4 wherein the article is a lens.
7. The article of claim 1 wherein the organic polymeric host material is selected from

the group consisting of polymers prepared from polyol(allyl carbonate) monomer,
polyfunctional acrylate monomer, acrylate monomer, alkylacrylate monomer, cellulose

acetate, cellulose triacetate, cellulose acetate propionate, cellulose acetate butyrate,
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(a) a photochrom ¢ anmount of an organi c photochromc material having a
m ni.ma | um nous transm ssion in the range of 580 to 620 nanoneters, (b)
phot ochrom ¢ anount of an organi c photochromc material having a mnim

| um ng I in the range of 450 to 50§uB§1”Qﬁ§tsﬁ'é§t Q@Mayfuggso.
to It m,”"' Immmim"lof organi ¢ photochrom c material, of Iight

stabi | i*zefs eonprisirg, in conbination, 34Subst|tute sheet - 29 May 1998
35 - (1) hi ndered sine light stabili zer  and (2) asynmetric

di aryl oxal ami de |ight stabilizer, the wei ght rati o of diaryloxalamde to
hi ndered am ne |ight stabilizer bei ng from about

poly(vinyl acetate), poly(vinyl alcohol, poly(vinyl chloride) poly(vinylidene chloride),
polycarbonate, polyurethanes, poly(ethylene terephthalate), polystyrene, copoly(styrene-
methyl methacrylate), copoly(styrene-acrylomtnle), polyvinylbutyral and diallylidene
pentaerythritol.

8. The article of claim 3 wherein the organic polymeric host material is a polymer
prepared from polyol(allyl carbonate) monomer. |

9. A photochromic optical article of improved resistance to light fatigue comprising
a solid transparent organic polymeric host material and a photochromic composition

comprising, in combination,

(a) a photochromic amount of an organic photochromic material having a

minima luminous transmission in the range of 580 to 620 nanometers,

(b) a photochromic amount of an organic photochromic material having a

minima luminous transmission in the range of 450 to 500 nanometers,

(¢) from 0.3 to 1.0 part, per part of organic photochromic material, of light

stabilizers comprising, in combination,

a
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1:1 to about 3:1. 10. The article of claim9 wherein the organic

pol ynmeric host material is a honopol yner or copol yner of diethylene glycol
bi s(al lyl carbonate), polycarbonate resin, poly(nmethyl nethacrylate) or
poly(vinyl butyral). 11. The article of claim§,yéfiie sheEet Q(ghm 998
material (a) is selected fromthe group consisting of spiro-oxazine

phot ochrom ¢ conpounds and napht hopyran ounds having a

ni trogen-contai ning substituent at the 2-position AR
photochrom c material (b) is a naphthopyran corrpoumllmmﬂrmmmulmse
having a nitrogen-containing substituent at the 2-pdésition df tshe*pyran
ring, and the weight ratio of photochromc material (a) to photochromc
material (b) being fr about, 1:.3.t 0. 43, 1. 12, The article of claim
11 wherein spiro- oxaz?we pﬁidj}dS%eﬂrsb‘iﬁoléaﬁg%’f'l_%g}l’% is selected from
spiro(indoline) pyrido benzoxazi nes, spiro(indoline) naphthoxazi nes and
spi ro(indoline) benzoxazi nes, and the napht hopyran photochrom c nateri al
(b) is selected from napht hopyrans having a spiro-adanantane group at the

2-position of the napt&)hOp%gymman etric diaryloxalamide light stabilizer, the weight ratio of

diaryloxalamide to hindered amine light stabilizer being from about
1:1 to about 3:1.

10. The article of claim 9 wherein the orgimic polymeric host material is a
homopolymer or copolymer of diethylene glycol bis(ally! carbonate), polycarbonate resin,
poly(methyl methacrylate) or poly(vinyl butyral).

11.  The article of claim 9 wherein photochromic material (a) is selected from the group
consisting of spiro-oxazine photochromic compounds and naphthopyran compounds having
a nitrogen-containing substituent at the 2-position of the pyran ring, photochromic material
(b) is a naphthopyran compound other than those having a nitrogen-containing substituent
at the 2-position of the pyran ring, and the weight ratio of photochromic material (a) to
photochromic material (b) being from about 1:3 to about 3:1.

12.  The article of claim 11 wherein spiro-oxazine photochromic material (a) is selected
from spiro(indoline) pyrido benzoxazines, spiro(indoline) naphthoxazines and
spiro(indoline) benzoxazines, and the naphthopyran photochromic material (b) is selected
from naphthopyrans having a spiro-adamantane group at the 2-position of the naphthopyran
ring and naphthopyrans having at least one ortho-substituted phenyl group at the 3-position
of the pyran ring.
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ri ng and-—maphthopyrans havi ng at | east one ortho-substituted phenyl group

at the 3- | pyran ring. - 36 - 13. The article of claim
12 vvhelr_ri“i ﬂ“g“ﬁﬂﬁ‘l&ﬂﬁol ynmeric host material is a honopolyner or

copoly gl ycol bis(allyl carbo 4 Ih f
claim 13 V\,hérei n the article is a I(ensy #ﬁ@aﬂrt#ec hee 9I ggg
wherein the hindered amne |ight stabiliz

bi s(1, 2, 2, 6, 61pent anet hyl - 4- pi perdi nyl) '[565 bis(1,1

- di net hyl et hyl - 4- hydr oxyphenyl ) net hyl ] butyl propanedi oate and the

di aryl oxal am de light stabilizer is o-ethoxy-o'-ethyl- oxalic acid bis

ani | i de. 16. A photochrom c optical article of inproved resistance to
l'ight fati conpr i
g gtig Iﬂe a _n of claim 12 wherein the organic polymeric host material is a

homopolymer or copolymer of diethylene glycol bis(allyl carbonate).
14.  The article of claim 13 wherein the article is a lens.

15. The article of claim 13 wherein the hindered amine light stabilizer is
bis(1,2,2,6,61pentamethyl-4-piperdinyl)[3,5-bis(1,1-dimethylethyl-4-hydroxyphenyl)
methyl]butyl propanedioate and the diaryloxalamide light stabilizer is o-ethoxy-o’-ethyl-
oxalic acid bis anilide.

16. A photochromic optical article of improved resistance to light fatigue comprising
an organic polymeric host material and a photochromic composition comprising, in

combination,

(@  aphotochromic amount of photochromic material having a minima luminous

transmission in the range of 560 to 630 nanometers,

(b) a photochromic amount of photochromic material having a minima luminous

transmission in the range of 430 to 520 nanometrs, and

(©) a stabilizing amount of stabilizer material comprising, in combination,
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an organi c polyneric host material and a photochrom c conposition _
conprising, in conbination, (a) a photochrom c¢ anount of photochromc
material having a mnina | umnous transmission in the range of 560 to 630
nanoneters, (b) a phot ochrom ¢ anount of phot pgﬂ Jf%%?“{’énh?ﬁ}’ﬁ %Fa
m ni'ma | um nous transm ssion in the range of 43§‘EI %anom&* , ang C)
a stabilizing anount of stabilizer materi .conprising, in conbination,

Substitute sheet - 29 May 1998 -37 - (1)' hi ndered am Hm'w',
and (2) asymmetric diaryl oxal am de |ight stabilizer, ', ”m

(1)  hindered amine light stabilizer, and

(2)  asymmetric diaryloxalamide light stabilizer, the weight ratio of
diaryloxalamide to hindered amine light stabilizer being from about
1:1 to about 3:1.

17. The article of claim 16 wherein,

(a)  the photochromic material having a minima luminous transmission in the
ra;nge of 560 to 630 nanometers is selected from the group consisting of
spiro-oxazine photochromic compounds and naphthopyran photochromic
compounds having a nitrogen-containing substituent at the 2—pos1t10n of the
pyran ring.

(b) the photochromic material having a minima luminous transmission in the
range of 430 to 520 nanometers is a naphthopyran photochromic compound
other than those photochromic compounds having a nitrogen-containing
substituent at the 2-posiiton of the pyran ring, and

© the weight ratio of photochromic material (a) to photochromic material (b)
being from about 1:3 to about 3:1.
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di aryl oxal am de to hindered amne |ight stabilizer being fromabout 1:1 to
about 3:1. 17. The article of claim 16 wherein, (a) the photochromc
mat eri at—having a mnina | um nous transm ssion in the range of 560 to 630

nanomnet e om the group consistin r a

phot OChFH““ mﬁmﬁnm”md napht hopyr an phot ochggir}n;té&@% sﬂggﬁd?ﬂﬁlay 1998
trogen-€ont aitni mg Substituent at the 2- Q?SI'[IOH of the pyran ring. (b)

the photochrom ¢ material having a nini ma~t um nous transmi ssion in the

range of 430 to 520 nanoneters is a napht hopyran photochrom ¢ conpound

ot her than those photochrom c conpounds having a nitrogen-containing

substituent at the 2-posiiton of the pyran ring, and (c) the weight ratio

of photochr qgi ¢ mgterial of bt o7 Qholoshrom c mtgrial (B) heing fyiomahopt

from spiro(indoline) pyrido benzoxazines, spiro(indoline) napthoxazines and spiro(indoline)

benzoxazines, and the naphthopyran photochromic material (b) is selected from
naphthopyrans having a spiro-adamantane group at the 2-position of the naphthopyran ring
and naphthopyrans having at least one ortho-substituted phenyl group at the 3-position of
the pyran ring.

19.  The article of claim 16 wherein the organic polymeric host material is selected from
the group consisting of polymers prepared from polyol(allyl carbonate) monomer,
polyfunctional acrylate monomer, acrylate monomer, alkylacrylate monomer, cellulose
acetate, cellulose triacetate, cellulose acetate propionate, celulose acetate butyrate,
poly(vinyl acetate), poly(vinyl alcohol), poly(vinyl Chloride), poly(vinylidene chloride),
polycarbonate, polyurethanes, poly(ethylene terephthalate), polystyrene, copoly(styrene-
methyl methacrylate), copoly(styrene-acrylonitrile), polyvinylbutyral and diallylidene
pentaerythritol.

20.  The article of claim 19 wherein the organic polymeric host material is a polymer
prepared from polyol(allyl carbonate) monomer, polyfunctional acrylate monomer, acrylate
monomer, alkylacrylate monomer, polycarbonate or polyurethane.
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Substitute sheet - 29 May 1998 -38 - 18. The article of claim 17 wherein
spi r.o- oxazi ne photochromc material (a) is selected from spiro(indoline)
pyri do benzoxazi nes, spiro(indoline) napthoxazines and spiro(indoline)
benzoxazi nes, and the napht hopyran phot ochron cggpéttutélsheét - 29 Nayet988
from napht hopyrans having a spiro-adamantane group at the 2-position of the

napht hopyran ri ans havi nggat | east one ortho-substituted
phenyl group atlrlﬂmﬂ I!Ml“m“ f the pyran ring. 19. The article of
claim 16 wherein tihe org8ni € polyneric host material is selected fromthe

group consisting of polyners prepared from pol yol (allyl carbonate) nononer,
pol yfunctional acrylate nononer, acrylate nononer, alkylacryl ate nononer,

cellul0Se 51 The article of claim 20 wherein the hindered amine light stabilizer is bis(1,2,2,6,6-
pentamethyl-4-piperdinyl){3,5-bis(1,1-dimethylethyl-4-hydroxyphenyl)methyl]butyl

propanedioate,bis(2,2,6,6-tetramethyl-4-piperdyl)sebacate,orbis(1,2,2,6,6-pentamethyl-4-
piperidyl)sebacate and the diaryloxalamide light stabilizer is o-ethoxy-o’-ethyl-oxalic acid
bis anilide.

22. The article of claim 21 wherein the article is a lens.
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e s . *'3”“
5 Iose acet ate propionate, celd?6§

acet ate butyréte ' pol y(vi nyl® acet-at-e) ;” poly(V|nyI al cohol ), pol y(vinyl
Chloridg), poly(vinylidene. chloride),- ~pokycarbonate, pol yurethanes,

. pol y(e_,_t-fhyl ene terephthalate), . polystyrene,, cop@ubstitiifecsiveete2NYune 1999
met hacryl ate);, copol y(styrene- acryJanltrlle) pol yvi nyl butyral and
dlallylldene pentaerythritol. 20. The article of claim 19 wherein the
organi ¢ pol yneric host naterlaﬂuﬁs a pol ymer gprepared from pol yol (al |yl
carbonat e) npnoner, pol yf uncti onal acrytate nonomer, acryl ate nononer,

al kyl acryl at e nonomer, pol ycarbonate or polyurethane Substitute sheet -
29 May 1998 399-p031r.:.ons‘[her ahei W-eand 6ebasimidfs wicee) RiphRpy ankRgd ewm ne

light stabili Zeﬁ I %nglixi¥bgfé%t§v§iy. In such embodiments, R5-Rg, Rg-Rg, or R7—R9

and R are respectively each hydrogen. In naming the phenyl groups

acet at e, ce1 I uI ose tr{ acet at e » éel I

attached to the pyran ring, the carbon atoms are numbered clockwise
5 starting with the carbon atom attached to the 3-position of the pyran
ring.

In a particular embodiment, the naphtho moiety is
unsubstituted, i.e., Rg-R;g are each hydrogen, Y, is selected from
the group consisting qf C;-C3 alkyl, C;-C3 alkoxy and fluoro, Z; is

10 hydrogen, Y, is C1~C3 alkoxy or hydrogen, Z, is'selgcted form the
group consisting of C;-C3 alkoxy, Cy—C3 alkyl and hydrogen, a is 0 or
1l and b is 0, 1 or 2. ¥, and Z, substituents may be located at any
of the unsubstituted positions of their respective phenyl groups;
namely positions 3, 4; 5 and 6, preferably at the 3, 4 or 5

15 positions. When a or ﬁ is 1, the substituent is preferably located
meta or para to the carbon atom attached to the pyran ring. When a
and b are 2, the substituents may be located at any two of the
unsubstituted carbon atoms of the respective phenyl group; namely
positions 3 and 4, 3 and 5, 3 and 6, &4 and 5 or & and 6, preferably

20 at the 3 and 4, 3 and S or & and 5 carbon atoms.

Examples of the aforedescribed naphthopyrans include:-

L 3(2—f1uoropheny1)-3(h—methoxyphenyl)-BH-naphtho[Z,I;b]pyran;
"(2) 3(2-fluorophenyl)-3(4'-methoxyphenyl)-8-methoxy-3H-
naphtho[2,1-b]-pyran.
25 (3) 3(2,h—dimethoxyphenyl)—j(h -methoxyphenyl)-3H-
naphtho(2,1-b}-pyran.
(4) 3(2-fluorophenyl)-3(3, 4—d1methoxyphenyl)—3ﬂ—
naphtho[2,1-b]lpyran.
(5) 3(2-methyl-4-methoxyphenyl)-3(4-methoxyphenyl)-3H-
30 naphtho[z,l—bjpyran.
(6) 3(2-methylpheny1)-3(h—methoxyphenyl)¥3ﬂ-
naphtho[2,1-b]pyran.
(7) 3-phenyl-3(2,4-dimethoxyphenyl)-3H-naphtho(2,1-b]pyran.
(8) 3(2,6-difluorophenyl)-3(4-methoxyphenyl)~~3H-
35 naphtho[2,l-b]-pyran. '




pent amet hyl - 4- pi perdi nyl ) [ 3, 5-bi s(1, 1-di met hyl et hyl - 4- hydr oxyphenyl ) met hyl ]
but yI _ . * ' . : _
pr opanedi oat ebi s( 2, 2, 6, 6-t et ranet hyl - 4- pi perdyl ) sebacat eor bi s(1, 2, 2, 6, 6- pen
t anet hyl - 4- pi peridyl)sebacate and the di aryl otuibstitute shegtt- 21 dinkei Y899 s
- 0-ethoxy-o0' -ethyl-oxalic acid bis anilide. 22. The article of claim21
wherein the article is a |lens. -
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more compound applied or incorporated, the greater is the color
intensity. Generally, the amount of to}al photochromic }ubstance
incorporated into or applied to a photochromic optical host material
may range from about 0.15 to about 0.35 milligrams per square

5 centimeter of surface to which the photoch;omic substance(s) is
incorporated or applied.

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

10 those skilled in the art.

EXAMPLE
To 3.5 grams (g) of a 10 weight percent solution of ethyl

cellulose in toluene was added 32 milligrams (mg) of a mixture of the
15 following photochromic compounds, (a) 3(2,h4dimethoxyphenyl)—
3(4 -methoxyphenyl)-3H-naphtho({2,1-b]-pyran, (b) 3,3,4(and
6),S-tetramethyl—l-n-propylspi:otindolinp—z,3'[3H] pyrido (3,2-£]
[1,4] benzoxazine], and (¢) 3,3-dimethyl-l-n-propyl-5-methoxyspiro-
[indolino-2,3'[3E] pyrido [3,2-£][1,4] benzoxazine]. The weight
20 ratio of the photochromic compounds (a):(b):(c) was 40:35:25. _
Stabilizer material(s), as defined in Table II, was Adde&'to
the photochromic solution and the resultant mixture applied as a film
of about 0.020 inches to duplicate glass slides using a wet film
blade applicator. The film was heated to 90°C. for thirty minutes to
25 produce a dry photochromic ethyl cellulose film. The light fatigue
‘resistance of the photochromic film was me;sured on an Ealing
Triangular'optical bench equipped with a 300 watt Xenon arc lamp.
Light from the arc lamp was passed through a copper sulfate bath to
remove infrared, a neutral density filter to regulate irradiance, a
30 shutter assembly and then the sample. The optical density of the
| activated photochromic film was monitored with a silicon photo
detector/radiometer assembly.
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