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adj ust abl e properties, a nethod for their preparation and the articles
formed fromthese materials. 10 Background of the Invention Co-assigned,
United States Patent Application serial No. PCT/US95/14652, titled
"Tenperature Stable and Sunlight Protected Photochromc Articles," by
Florent et al., filed concurrently herewith, discloses transparent organic
phot ochrom ¢ materials having high 15 refractive index, formed from
a polymer matrix, which matrix can consi st of a honopol yner of ethoxyl ated
bi sphenol A dinethacrylate having the fornmula I: [err] 20 where R =H or
CH err], and mand n independently represent 1 or 2, and where optionally,
the dinethacrylate is nodified up to 30 % with an aromati c conononer with
vinyl, acrylic or

ORGANIC PHOTOCHROMIC MATERIALS
WITH HIGH REFRACTIVE INDEX, THEIR PREPARATION
AND ARTICLES FORMED FROM THESE MATERIALS

5
Field of the Invention
This invention relates to novel organic photochromic materials with high refractive
index and with adjustable properties, a method for their preparation and the articles formed
from these materials.
10
Background of the Invention
Co-assigned, United States Patent Application serial No. titled
"Temperature Stable and Sunlight Protected Photochromic Articles,” by Florent et al., filed
concurrently herewith, discloses transparent organic photochromic materials having high
15 refractive index, formed from a polymer matrix, which matrix can consist of a homopolymer
of ethoxylated bisphenol A dimethacrylate having the formula I:
CH; & M, | 3
CH,=C -ﬁ—s—-ocsﬁ;caﬁ—@—i - az-cug—);i: <k, (I)
0 Hy
20

where R = H or CH,, and m and n independently represent 1 or 2, and where optionally, the
dimethacrylate is modified up to 30 wt% with an aromatic comonomer with vinyl, acrylic or
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PCT/ US95/ 14585 2 net hacrytiec—functionality, and where the material contains
“at |least one dye that inparts photochronm c properties to the matrix, the
dye being sel ected from spirooxazi nes, spiropyrans and chronenes. These

mat eri al s o¥M94s9743r epared by a met hod consi sting of poynme®PCEUSH/IASSS

nmet hoxyl ated 5 bi sphenol A di net hacyl ate with the above-nenti oned
formula I, optionally in the presence of oe or nore aronmatic nononmers with
vinyl, acrylic or methacrylic functionality, in the presence of a diazo
radi cal initi at@hacrﬂhcmnamndhy;tx'ndiwhdwtber paetiali contairsral least bhe dye that)impants a

peroxi de radic initjator. Be ause.of t e.absenc er oxi. de | n| ti at or,
i 1 g?techrmlep o G, ths e bRE seected ‘Iﬁ‘HBP xesi

is possibl @
sel ect ed fromaﬁd)b[{rgﬁéﬁl nes, spi ropyrans and chronenes, di rectly |nto the

pol yneri zabl e nmononer to obtain a matrix which is dyed in bul k. Accordi ng
to the Florent et Zhesematedaleeapde preparpdbys methprbeossiging of polymsriziag aimethopylated

pol yrrerl zabl e rHEfa i3 a
| ens rm dto 8@% di rec%igl%wﬁlﬁ‘tt%%c%ggrgn{%ﬁ?@ﬁgo lpg@g’rqlﬁgn r%)‘/&gldgo
di sclose t hat onéonmmmmabdmoﬂcmepuhﬂrmytnayhmmmmmbhdm mi;he peasehce O
15 uent t he trix.obtained.{whi rlxcnbeJn
the form of a rﬁ’guf"d?&’@ﬁﬁfﬁ‘%r),m & A ngﬂﬁcmtﬁaﬁm

met hod of thergddal Ritfatgesi on, as described in U S. Patent Nos. 5, 130 353

5, 185, 390; and 5, 180, 254 for. example. Typically in a_thermal diffusion
process, a subst r aBecaussiaf elabsmmegﬁamédmtmonlblﬁeos;rblmmcomtgemwmre

dyes il%) appl | ‘f)ﬂot&&uonnc dyes, selected from spirooxazines, spiropyrans and chromenes, directly into the

polymerizable monomer to obtain a matrix which is dyed in bulk. According to the Florent et

al. reference, it is also possible to polymerize the polymerizable mixture containing the

monomer and the photochromic dye in a lens mold to obtain directly a photochromic lens. In

a vanant, they also disclose that it is possible to polymerize the monomer without dye and to

15 subsequently dye the matrix obtained {which matrix can be in the form of a lens for example),

using photochromic dyes, for example by a method of thermal diffusion, as described in U.S.

Patent Nos. 5,130,353, 5,185,390, and 5,180,254 for example. Typically in a thermat diffusion

process, a substrate which is impregnated with one or more photochromic dyes is applied to

one side (usually the convex side in the case of a lens) of the polymer matrix, and the mixture

20 is heated at 100-150°C for ! to 3 hours, and finally the substrate is separated from the matrix.

The matrix of the above-mentioned patent application, associated with one or more

photochromic dyes, presents essentially constant photochromic characteristics (kinetics, heat

dependence). It would be usefill to be able to change the photochromic characteristics of the

above-mentioned materials in order to better adapt the photochromic material to various

25 applications. Accordingly, it is the object of the present invention to meet this requirement by
providing organic photochromic materials having adjustable photochromic properties.
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di met hacr yfoasHtu FF&\’E B‘st FGPPQMP‘FTQ‘OFWHE ok (i) 30-95 wt% ethoxylated bisphenol A
10 dimethacrylate having the following formula I:

Ch, R

: -<:>—c .é
CH, = c-c—-—oc ~CHl-+—=0 —tmCi -C'@—}-c =ca (x)
A éx@ I

0

15 and (ii) 5-70 wt% of a polyurethane oligomer with terminal di- or triacrylic or di- or
trimethacrylic functionality.
In another aspect, the invention relates to a method for the preparation of the organic
photochromic material by copolymerization of 30-95 wt% of an ethoxylated bisphenol A
dimethacrylate having the formula (I):

i, . s
CH, sc-c—oc ~CH—0 e 4::@-)4 -cnz (1)
bpare-(O) iu,@" |

where R = H or CH;,, and m and n represent independently 1 or 2, with 5-70 wt% of a
25 polyurethane oligomer with terminal di- or triacrylic or di- or trimethacrylic functionality, in the

presence of a diazo radical initiator and in the absence of peroxide radical initiator.

20
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‘aspect, the invention relates to a nethod for the preparation of the
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i socyasate. ChAdIEHER' ﬁimfdaléewwﬁno‘immmem%ﬂdhmede&n&ést‘éﬁ% 13l Mﬁ‘é"

known in the art and have been descri bed extensivel [ er a f or
exanpl e, in Uiwratgeg; fonexample, imUdd PateogNos 4.996,208,05, 2&6;6301,1&50,36!58535&11 hdnem ein

i ncor por at ed et e ELA rerence.

A polyurethane oligomer can contain in its structure "hard" or *soft” segments, as is

well known. As a general rule, polyurethane oligomers with soft segments will decrease the
10 glass transition temperature and the hardness of the polymer material compared to that of the
homopolymer matrix without polyurethane oligomer, whereas polyurethane oligomers with
hard segments will increase the glass transition temperature and the hardness of the matrix. We
have found that these changes in the properties of the polymer matrix allow for the adjustment
of the photochromic properties of the material according to the invention. In fact, the kinetics
18 of photochromic darkening and lightening tend to slow down when the glass transition
temperature and the hardness of the matrix increase. On the other hand, the heat dependence
of the photochromic properties decreases as the glass transition temperature and the hardness
of the matrix increase.
The "soft" polyurethanes are derived from linear aliphatic diols such as
20 polycaprolactone diols, polyether diols, polyester diols, associated with cyclic or better linear
aliphatic diisocyanates. Examples of soft polyurethanes are described in Polyurethane
Handbook, G. Bertel, MacMillan Publishing Co., New York, 1986.
The "hard” polyurethanes are derived from diols with an aromatic character, the
presence of aromatic rings being well known to make the structure more rigid and thus increase
25 their glass transition temperature when these diols are reacted with cyclic diisocyanates.
The hydroxylated acrylates and methacrylates used for the preparation of the oligomer
can be hydroxyalkyl acrylates or methacrylates or any other hydroxylated acrylate or
methacrylate which can give rise to a radical polymerization.



A pol yuret hane oligonmer can contain in its structure "hard" or "soft"
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presence of,342,668:} 4,699,47399,85¢/580, 413,544 571,536, ISF1I80, SR4C5, F46, 345t dh QIsBTHA €
t ransi ti on terrper ature when

d dth
Chose M Eubigenn P ‘”e?@aﬂ?&%@le%p@aﬁg\gee;émsyw»mgmmxm@@es
acto! at es tnstdcaﬁeséﬂaﬁm@ms& ABRASEd 'S PuhERGE. L46308) 4 bl Xyﬁétﬂg% can be

hydroxyal kyl acryl ates or nethacrylates or any of her actyl ate

or et hacry?Q b16,3i06A,888& 5,244,602, 5,238,081, 5, Y05:R98 o4,980.089mand 5,430,088, also in
European Patent No. 0,562,915 A for example, all herein incorporated by reference.
Useful spiropyrans are described in the literature, for example in Photochromism G.
Brown, Editor, Techniques of Chemistry, Wiley Interscience, Vol. I, 1971, Chapter ITI, pp.
15 45-294, R.C. Bertelson; and Photochromism, Molecules & Systems, Edited by H. Diirr, H.
Bouas-Laurent, Elsevier, 1990, Chapter 8, "Spiropyrans,” pp. 314-455, R. Guglielmetti, both
herein incorporated by reference.

As in nonlimiting indication, the proportion of the photochromic dyes to be
incorporated in the matrix can range from 0.03 to 0.3%, preferably from 0.05 to 0.1 wt%.
20 It is also preferred to use a combination of one or more photochromic dyes which yield
a gray or brown color in the darkened state.
The invention also relates to a method for the preparation of the novel organic
photochromic materials of the invention, characterized by the copolymerization of 30-95 wt%
of ethoxylated bisphenol A dimethacrylate having the formula I:

CH, R
P3 J (1)
CH. x-iw-&&a%—@-ia@o—(—c z-ay_:—}—c =cuz

25
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Usef ul photochrom c dyes—ean be sel ected fromthe general classes of

- spi rooxazi nes, spiropyrans and chronenes whi ch exhibit photochrom c
properties. A very large nunber of photochrom c dyes have been described in
the |iterawmssnsmtd are avail able comercially. Lists of uBETUSISHYBE can be
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in the method for production of organic glasses currently used, would require the coloring of
the glass in a separate subsequent step, example, by high-temperature diffusion of the dyes into

15 the glass matrix. The preferred method of the invention is advantageous in that it allows the
elimination of this additional step and it even permits the production of a photochromic lens
in a single step if the polymerization is conducted directly in a lens mold.

Naturally, if so desired, the dye can be omitted from the polymerizable mixture and the
incorporation of the photochromic dye/dyes in the polymerized matrix can be carried out by

20 a standard method of thermal diffusion as more fully described in U.S. Patent Nos. 5,130,353,
5,185,390 and 5,180,254 for example.

As diazo radical initiator, azobisisobutyronitrile (AIBN) and 2,2-azobis(2-
methylbutyronitrile) can be used, among others. Other useful diazo radical initiators are
described for example in Polymer Handbook, by Bandrup and Immergut, p. II-2, John Wiley

25 (1989) for other examples.

To carry out the polymerization, one can, for example, slowly heat the polymerizable
mixture until the thermal degradation of the diazo compound starts with release of nitrogen and
free radicals. This can take place at a relatively low temperature, which is a functionality of the
diazo compound used (approximately 65°C in the case of AIBN). The polymerization is
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currently used, would require the colori n&
be in the form of a film or stratified layer with the transparent, organic or mineral support.
10 Lenses, notably ophthalmic lenses, are the preferred articles of the invention.
These lenses can be produced conveniently by conducting the polymerization in lens
molds, by such standard methods as described for example in U.S. Patent Nos. 2,542,386,
3,136,000 and 3,881,683.
The stratified articles can be produced easily by the application of the polymerizable
15 mixture (for example, by immersion, centrifugation, with a brush, etc.) onto the support, and
by in situ polymerization of said mixture.

EXAMPLES
In order to clarify the invention, the following nonlimiting examples are given. The
20 parts are parts by weight.
Example 1 (Reference)

An organic photochromic material is prepared according to the following protocol: to
25 100 parts by weight of Diacryl 101 (ethoxylated bisphenol A dimethacrylate sold by the
company Akzo (formula L R = H and m=n = 1)), 0.5 part by weight of azobisisobutyronitrile

(AIBN), as polymerization initiator, and 0.2 part of the photochromic dye is added.
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di ffusi on of the dyes i-ate-15 —--the glass—matri x. The preferred nethod
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for exanple in Polynmer Handbook, by B¥ N pt, p. 11-2, John
Wley 25 (1989) for other exarrplrés. To yrout the

pol ynmeri_zation, one can, for exanple, sl oM y heat the polynerizable m xture
until tRe thernal degradati on of the diazo conpound starts with rel ease of
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t enperature, whi ch'is a functional i ty of the diazo conpound used
(approximately 65C in the case of AIBN). The pol ynerization is WO
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carried out for-several hours (for exanples, 10 to 20 hours). Finally, the
structure is baked by heating at successive tenperature plateaus which can

exceed 1600[ err]C anﬂe\/\nkx]i'xt%?e {s%%}ymerized in a lens mold under nitrogen for 16 hours at 65°C; then

the material obtained is baked again for one hour at 70°C, one hour at 80°C and one hour at
110°C. After removal from the mold, the product is an ophthalmic lens.

Example 2
15
A polyurethane oligomer with terminal dimethacrylate functionality is prepared as
follows: in a reactor heated at 50°C, with stirring and under nitrogen, the following mixture
is introduced:
Polycaprolactone diol with a molecular
20 weight of 530 0.08 mol
Hydroxyethyl methacrylate 0.16 mol
Dibutyltin laurate 0.02 wt%
25 After one-half hour, after a reduction of the nitrogen flow, 0.16 mol of isophorone

diisocyanate is introduced within approximately one hour, and in this manner the polyurethane
with dimethacrylate functionality (PUDMA) is produced.



'approm mately 1 hour each. The invention flnaIIy relates to the articles

consTsting entirtety or I n part—of—tieorgamctS - —photochronmrc

-material of the invention. Nonlimting exanples of such articles are |enses
for ophthal mc (corrective) eyewear or for sun protection eyewear, w ndow
mat er i al wo®6neRi s and ot her vehicles, w ndow nmaterial fperroseshessags, etc.
In the articles of the invention, the organic photochromc material can
constitute the entire thickness of the article (solid article), or it can
be in the formof a filmor stratified |layer with the transparent, organic
or mneralExamphat. 10 Lenses, notably ophthalmc |enses, are the
preferred articles of the invention. These | enses can be produced
conveniently by conducting the pol ynerization in |lens nolds, by such

standard net ho a '
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parts are parts by wei ght. nple 1 (Reference) An organic photochromc
material is pré& %6 hrogic dyech ‘?@Eﬁﬂﬂﬂhé}fol | owi ng ot ocol : to 25 100

parts by wei ght “@Ebhoxyl ated bi sp ol A dinmethacrylate sold
by the conpany Bisl%@ﬁr&uf‘%gi H and m= n ?5%1 0.5 part by weight of
azobi si sobutyronitrile (AIBN), as polynerization initiator, and 0.2 part of

thle0 phot o%grogi cI dye i s added.

The protocol of Example 1 is used again, except that the composition, in parts by

weight, is as follows:
Diacryl 101 _ 75
15 PUDMA 25
Dye 1 0.2
AIBN 05
Example 5
20
The protocol of Example 1 is used again, except that the composition, in parts by
weight, is as follows:
Diacryl 101 50
PUDMA 50
25 Dye 1 0.2

AIBN 0.5
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1, 3, 3,5, 6- pent anet hyl spi+e{+ndol i no- 2, 3' - [ 3H raphtho( 2, 1b) - (|, 4) oxazi ne)
-Dye 1 10 The m xture is polynerized in a | ens nold under
nitrogen for 16 hours at 65 C, then the material obtained is baked again
for one howooghordp C, one hour at 80[err] C and one hour apCcTisdpmesey C. After
renmoval fromthe nold, the product is an ophthalmc |lens. Exanple 2 15 A
pol yuret hane oligoner with termnal dinmethggrylate functionality is
prepared as follows: in a reactor heated at 50[err]C, with stirring and

under ni trogen, tggné%h@%aﬂmm%ﬁh&@% g@yaﬁ&:(sﬁaéu&amselgﬁamﬁdhol

with a nol ecul ar Wweight o . . . .
0. 08 nol Hydr cergperdtyie) ank phatochiontieproperties speed of lighteniog am limed i ¥abletly| t i n
| aur ate 0.02 wt % 25 After one-half hour,

after a reduction of the nitrogen flow, 0.16 nol of isophorone diisocyanate
I's introduced within approximately one h@ableLand in this manner the
pol yureE;t hane with di methacrylate functionality (PUDMA) is produced.

Speed of
Shore D T8 Lightening*
Example % PUDMA Hardness {maximum tg 8) | (seconds)
1 0 87 156°C 40
10 3 10 87 147°C 36
4 25 86 137°C 32
5 S0 83 125°C 24
15 *Time required to recover a transmission equal to 80% of the initial transmission after exposure
for 15 min under a xenon lens (60,000 lux) - Transmission measured at 615 nm - thickness of
the sample: 2 mm.
20 One can see that the use of a soft polyurethane modified comononier, without changing

the mechanical properties too much, improves the kinetics of the photochromic process
significantly.
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PCTSe5/ 145859 Exanpl e 3—Usimgtie protocol of Exanple 1, a photochromc
l ens with blue color is prepared, having the follow ng conposition in parts

by weight: 5 D acryl 101 90
PUDVA w0 96/19741 10 Phot ochrRaw/Esosii4sss ( of
Exanpl e 1) 0.2 Azobi sisobutyronitrile (AlBN) 0.5 10

Exanpl e 4 The protocol of Exanple 1 isldised again, except that the
conposition, in parts by weight, is as follows: Diacryl 101

75 15 Example 6 (Refepsie) 25 Dye |
‘0.2 AIBN 0.5 20 The protocol of
Exanple 1 is used again, except that the conmposition, in parts by weight,
is as follows: Usingcthe lprot6dol of Example 1, 2 photochromic material of gray colod isjisedted

50 25 1 0,2
consisting of a h%yn%polymer of ethoxylated bisphenol A dimethacrylate having the formula (I)
5 with R = H, m = n = 2 sold under the name Diacryl by the company Akzo. The composition
of the material, in parts by weight, is as follows:
Diacryl 121 100 parts
Dye | 0.2 part
10 Dye2 0.025 part
Dye 3 0.2 part
Dye 1 (of Example 1)
15 Dye 2
oy thy
N
Oyl
Ry
20
1,3,3-Trimethylspiroindolino-6'(1 -piperidyl)-2,3'-[3H]naphtho-(2, 1b)(1,4)oxazine)
Dye3
25

I

3,3-Diphenyl-3H-naphtho(2, 1b)pyran



Al BN 0.5 WD 96/ 19741

PCT/ US95/ 14585 10 The resutts—obtai ned, in terms—ofTmechani cal properties
"(Shore hardness, glass transition tenperature) and photochrom c properties
speed of lightening are listed in Table 1. Table I. 5 Speed of Shore D

Tg wo 96/19741 ght eni ng* Exanpl e % PUDVA PCTRIS9SA14885S
(maximumtg 8) (seconds) 1 0 87

156[err]C 40 10 3 12 10 87

147C 36 4 25 86 137[err] C
32 5 Examplé? 83 125[err]C 24 15

*Time required to recover a transm ssion equal to 80%of the initial
transm ssion after exposure for 15 m n under a xenon |ens (60,000 |ux) -

o can see t har 1 nebis Bolihe Bilced MCUO0s Helyultfan gbiner il uimSlbaeric,
changi ng t he nfanétinality ks ¢onememer.es t oo nuch, inproves the kinetics of the
phot oc hg om ¢ proc “ a%éagtrc])ir Hmcp%gé \leh a mechanical stirrer, an addition funnel, a thermometer and
a nitrogen purge and which is completely immersed in a thermostat-regulated bath, the
following are introduced:
33.5 g of trimethylolpropane (0.25 mol)
97.6 g of hydroxyethyl methacrylate (0.75 mol)
10 0.3 g of dibutyltin laurate

The content of the reactor is heated at 50° C with stirring and under a nitrogen current
for 30 min. The nitrogen current is then reduced and 183.2 g (0.75 mol) of tetramethylxylene
diisocyanate (TMXDI) are added slowly within one hour.

The mixture is then stirred for one hour, before the addition of:

15 943 g (1.75 mol) of ethoxylated bisphenol A dimethacrylate (Diacryl 121 of Akzo).

To 20 g of the product obtained above, the following are added:

0.04 g of photochromic compound Dye 1;

0.01 g of photochromic compound Dye 2;

0.04 g of photochromic compound Dye 3;

20 0.04 g of 2,2'-azobis(2-2-methylbutyronitrile).

After the complete dissolution the mixture is degassed under a vacuum; then it is
poured into a lens mold and subjected to one polymerization cycle with a temperature increase
from 25 to 80°C within 16 hours; then it is baked again at 110°C for 2 hours. The lens
obtained is a gray color.

25



" WO 96/ 19741

6 ( Referenreer—dstnmg—the—prot ocot—ofEXanpre 1, a
. photochromic material of gray color is prepared consisting of a honopol yner
of et hoxyl ated bi sphenol A di nmethacrylate having the fornula (1) 5
With Rgobkne#sr N = 2 sold under the name Diacryl by tRE/TE9MMBY Akzo. The

conpositiron of the material, in parts by weight, is as follows: D acryl 121
100 parts Dye 1 13 0.2 part 10 Dye 2
0.025 part Dye 3 0.2 part Dye I (of Exanple 1) 15

Dye 2 [erM&Tri met hyl spi ro(i ndolino-6(1
- pi peridyl)-2; 3 -[ 3H napht ho- (2, 1b) (1, 4) oxazi ne) Dye 3 25
3, 3- Di phenyl - 3H napht ho( 2, 1b) pyr an
This example illustrates the use as comonomer of another polyurethane oligomer with
dimethacrylic function. The protocol is identical to that of Example 7, with the use of the
5 following products:
- 101 g (0.25 motl) of Dianol 240 from Akzo having the formula:

o
H @. CHy-CH, )0 @-‘—@ o Ccﬂ;.-clh,o)s

10

wherex +y=4;
- 65 g (0.5 mol) of hydroxyethyl methacrylate;
15 - 111.5 g (0.5 mol) of isophorone diisocyanate;
- 0.25 g of dibutyltin laurate;
- 647 g (1.2 mol) of Diacryl 121.

To 20 g of the mixture obtained, the following are added:
20 - 0.4 g of photachromic compound Dye 1;
- 0.01 g of photochromic compound Dye 2,
- 0.4 g of photochromic compound Dye 3;
- 0.4 g of 2,2"-azobis(2-2-methylbutyronitrile); and one proceeds as in Example 7.
The properties of the lenses of gray color obtained according to Examples 6, 7 and 8
25 are indicated in Table II.
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12 Exanple 7 This exanple-il | ustrates the use—of- a pol yurethane ol i goner
-with trinethacrylic functionality as conononer. 5 In a reactor
equi pped with a nechanical stirrer, an addition funnel, a thernoneter and a
ni trogen p‘ﬂ'&faﬁ?ﬂ whi ch is conpl etel y immersed in a thermmwumul at ed
bath, the follow ng are introduced: 33.5 g of trinethyl ol propane (0.25 nol)
97.6 g of hydroxyethyl methacrylate (0.75q90l) 10 0.3 g of

di butyltin laurate The content of the reactor is heated at 50[err] Cwth
stiring and under a nitrogen current forrgpegi n. The nitrogen current is
then reduced and 183.2 g (0.75 nol) of tetranethyl xyl ene diisocyanate
(TMXDI) are added sIovay within one hour. The mixture is then stirred for

one hour, befpre-tire—addrtrqmrof—15 Ayt 75—t ot
et hoxyl ated b Epimplol A di rra%hacrﬁ ate (Difcryl M21 of Akto). ™ 20 g o

t he product al ng above, (#}‘e tollow ng ag& gdded 0. of photochrpm c
conmpound Dye 1 g of phdtiochrom c conp i Dye 2; O. g of
phot ocRr oni ¢ HﬂﬂBﬁFﬁd Dye 3] 20 0.04 g of
2,2' -azobis(2 & ¢"2&tyrcnlot-,séle). Aftef 4d3p conpl ete [digsel ution the
m'xture S degﬁé&? vacuum then if I's poured intjp a T'ens nold End
SUbj ected to Qne__peghw Lon Lyrl e wi.thla tenperature Lncrease
Refractive Index 1.5575 1.5519 1.5524
02,
10 Heat Dependence
a3°C
Tpus 24% 17% 20%
Tes 66% 49% 43%
15 40°C
Tps 53% 42% 44%
ATg,s(40°C-25°C) | 29 25 24
20
Tpys = % of transmission of 560 nm after 15 min of exposure under
a xenon lamp (60,000 lux); thickness of the sample, 2 mm.
25 Tgs = % of transmission of 560 nm after 15 min of exposure and
5 min of lightening in the darkness.
30 The change of the matrix according to the above examples (7 and 8) allows a reduction

of the heat dependence of the photochromic material, which is very important to give the
wearer of glasses sufficient protection in warm and sunny weather. Examples 7 and 8 represent

the best mode of the invention.

35



"from25 to 80[err]C within 16 hours; then it is baked again at 110[err]C

f er—2—hetrs—The—tens—obt ai ned—-l-s—a—gf-a-y—eo-l—o-lh—ZS :
- PCT/ US95/ 14585 13 Exanple 8 This exanple illustrates the use as conononer

of anot her pol yurethane oligonmer with dinmethacrylic function. The protocol
I's i dentweasbndr;y t hat of Exanple 7, with the use of the BCT/US95/14585 ol | owi ng
products: - 101 g (0.25 nol) of Dianol 240 from Akzo having the fornul a:
[-err] where x +y =4; - 65 g (0.5 nol) jgf hydroxyethyl nethacrylate; 15

- 11 1.5 g (0.5 nol) of isophorone diisocyanate; - 0.25 g of dibutyltin

| aurate; - 647 g (1.2 nmol) of Diacryl 121. To 20 g of the m xture obtained,
the followi ng are added: 20 - 0.4 g of photochromc
conmpound Dye 1; - 0. 01 g of photochrom c conpound Dye 2, - 0.4 g of

phot ochrom ¢ conmpound Dye 3;

E Examples 9-11

As in Example 8, 2 polyurethane with dimethacrylic functionality is prepared, where
instead of using Dianol 240, Dianol 220 from Akzo is used (same formula but with x +y = 2).
Next increasing quantities by weight of the functionalized polyurethane (10, 20 and
10 30%) are added to Diacryl 121.
To each composition the same photochromic dyes are added, in the same proportions,
as in Example 8, and the polymerization is carried out according to the protocol of Example
8 to obtain lenses of gray color.
The results obtained are indicated in Table III.

15
Table I1I.
Example 6 9 10 n
% Polyurethane 0 10 20 30
20 Heat Dependence
Tms  (25°C) 24% 241 26.7 327
Tois  (40°C) 53% 499 47.7 47.1
ATy, (40-25°C) 29% 258 210 144
25

These examples show that the invention allows a reduction of the heat dependence.



- 0.4 g of 2,2'-azobis(2-2-nethylbutyronitrile); and one _Q_IEL,CCUJ S~

Exanple 7. The properties of -+he—enses of gray color o &EJdtM\SjIBEﬁNt

‘Exanples 6, 7 and 8 25 are indicated in Table | I WBEBBAGED7 41

PCT/ US95/ 14585 14 Table 11. Exanple 0

Shore D WO 96/19741 84 86- 87 &&:ﬂxsssmsss

Har dness d ass Transition 107C 106[ err]€C-— -

100[ err] C Tenperature Refractive | ndex L6657

1. 5524 10 Heat Dependence 22[err]C T[err] ”""Hmm"”"””m

17% CLAIMS?0% T[ err] 66%

48% 15 40[err] C T[err] 53% £ov’ *

44% [err] T[err] (40[err] C-25[err] O 29 25

24 20 1. Organic photochromic materials consisting of: (a) a polymer matrix of optical quality

having a refractive index equal to at least 1.54, and (b) at least one dye that imparts

5 photochromic properties to said matrix, said dye being selected from the group consisting of

spirooxazines, spiropyrans and chromenes, said polymer being a copolymer of (i) 30-95 wt%
of ethoxylated bisphenol A dimethacrylate having the following formula I:

CH, &
3 i
Lo CH, :c-...-(—oc:i-ca;;?@_; -@-o—(—-u! -c@—)—sc-éacuz (r)
3

c

and (ii) 5-70 wt% of a polyurethane oligomer with terminal di- or triacrylic or di- or
trimethacrylic function.

15 2. Photochromic materials according to Claim 1, comprising a mixture of two or more
photochromic dyes to give the photochromic materials a gray or brown tint in the darkened
state.

3. A process for making the organic photochromic material according to Claim 1, by
20 copolymerizing 30-95 wt% of an ethoxylated bisphenol A dimethacrylate having the formula
1):

25
where R = H or CH,, and m and n represent independently 1 or 2, with 5-70 wt% of a
polyurethane oligomer having terminal di- or triacrylic or di- or trimethacrylic functionality, in
the presence of a diazo radical initiator and in the absence of peroxide radical initiator.

Sheet Has Been Replaced

WITIT




"Tl[err] = %of transm ssion of 560 nn after 15 m n of exposure under a xenon

| arp—-66-0680—tag—thteckness—ef—the—sanpte—2—mm 25 TTerri——"9% of

-transm ssion of 560 nmafter 15 mn of exposure and 5 min of lightening in

t he darkness. 30 The change of the marix according to the

above exwigdsasrsf 7 and 8) allows a reduction of the heatpPCEpssU4s8Ee of the

phot ochrom ¢ material, which is very inportant to give the wearer of

gl asses sufficient protection in warm av sunny weat her. Exanples 7 and 8

represent the best node of the invention. 35 WO 96/ 19741

PCT/ US95/ 14585 4.5THe process acgsrding|te Claim 31 chamctenizedin that cin Sormyla(h), RvBandine

w th di nmet ha__cr'\éli'rc functionality is prepared, where instead of using D anol

240, Di anol® 220 % rom Akzo i s used (same formula but with x +y = 2). Next

i ncreasing quantities by weight of the functionalized pol yurethane (10, 20

and 10 309 are added to D acryl 121. Tq.,each conposition the sane

phot ochr oni ¢ dy%swmfd‘i‘%"tqlﬂém§a i ¢ pelymenzationis caried  and
u

t hegpol ymegzgthObrelenc 8f &t' 168t Ml phdfocRiotid\@ye leH&&ﬂl%Pth onsisingpfe 8 to
obt gi n | enéses o? g'reaycggf or. tl' e pr esuﬁos og"'t' aélane are | nglpéc t eﬁﬁﬂabl e
[11. spiropyrans, spirooxazines and chromenes.
6. The process according to Claim 3, further comprising the step of incorporating at
least one photochromic dye into the polymer matrix by thermal diffusion of said dye into the

10 matrix following the polymerization step.

7. Photochromic articles comprising the transparent organic photochromic material

according to Claim 1.

15 8. Article according to Claim 7, characterized in that said article is a lens.

g



15 Table 111. Exanple 6 9 10

11 % Pol yur et-hane 0 10 L 20 30 20
"Heat Dependence Tlerr] (25[err]Q 24% 24.1 26.7
32.7 Tz[lgrs{ T 15(1%0[”'&15(9) 974 3848 03% coRNINGAPATENT 47.7 @oo2

47.1 Jerr err] (40-25[err] Q) 29% 25.8

14. 4 25 These exanpl es W that the invention all ™™ Peﬁw&% S/tliell- 58 5
heat dependence. 03/ 18 - 15::41 607 974 3848 I!B%é@‘
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16 CLAIMS: 1 . Organlc photochrormc materials consisting of: (a) a polyner
matri x of optical quality having a refractive i ndex equalCHANal-3ledst 1. 54,
and (b) at | east one dye that inparts 5 phot ochrom ¢ properties to
~said matric, said dye being selected fromthe group consisting of

Spi rooxazi nes, spiropyrans and chrornenes, said polyner being a copol yner
of (i) 30-95 wt.% of et hoxyl ated bi sphenol A di nethacryl ate having the
following fornmula I:

ORGANIC PHOTOCHROMIC MATERIALS
WITH HIGH REFRACTIVE INDEX, THEIR PREPARATION
AND ARTICLES FORMED FROM THESE MATERIALS

Field of the Inveation
This invention relates to novel organic photochromic materials with high refractive
index and with adjustable properties, 2 meihod for their preparation and the articles formed
from these materials.
10
Background of the Invention
Co-assigned, United States Patent Application serial No. PCT/US95/14652, titled
“Temperature Stable and Sunlight Protected Photochromic Articles,” by Florent et al., filed
concurrently hefewith, discloses transparent organic photochromic materials having high
15 re&acﬁve index, formed from a polymer matrix, which matrix can consist of a homopolymer
of ethoﬁlated bisphenol A dimethatrylate having the formula I:

CH,

CH —Cl-f—{—OC‘I-CH-i—O—@-Jl‘ @a«—«:u -crg—Hchu (1)

where R = H or CH,, and m and n independently represent ! or 2, and where optionally, the

20

dimethacrylate is modified up to 30 wt% with an aromatic comonomer with vinyl, acrylic or

AMENDED SHEET



[Lerr] where R= Hor CHerr], and mand n represent independently | or 2,

and (ii) 5-70 wt % of a pol yurethane oligomer wi-th term-nal di- or

triaceylises7or di 41 or @weamethagrsyl i c funchoromc hvele Phot ochromic materi al Goos
according to Claim1l, conprising a mxture of two or nore pm ' V.

to give the photochromic materials a gray or brown tint in § S?e@&?fiSB
state. 20 . 3. A process for nmaking the orgam-€ p m

-material according to Claiml1, by copolynerizing 30-95 wt%olpﬂ:/(l‘,g iBMAR '9:
et hoxyl at ed bi sphenol A dinethacrylate having the formula (1): [err] where
R=Hor CHerr], and mand n represent ilﬁdependently | or 2, with 5-70 vt %

of a pol yureélljgﬁg oligomer having termnal di- or triacrylic or di- or
trimethacrylTC ctionality, in the presence of a diazo radical initiator

PCT/ USoS! 14585, 17 PrTRa i honil BuERe oo B SRl foiymer ara of epealipely
that, in forhaing £ t§frachve indesredualrtn=R ledst 1. Fheagmd ofbd st Iest onel idipg thao ifpaaism 3,
char agter |z eﬂoi&lhﬁoﬂﬁ‘é p?o@?m@? loy R r{lgtg;[gl s34y d.yg bg'lgé sr;elleecged from the group coupsisting of
spirooxazines, spiropyrans and chromenes, said polymer being a copolymer of (i) 30-95 wt%
of ethoxylated bisphenol A dimethacryiate having the following formula I:

<':s3 _'t't fﬂ, . . CHy
16 c"z‘-’c‘f“"“c%c“f’?’@j @o«uz-c@—-);clscuz (1)
i . e

where R = H or CH,, and m and n represent independently 1 or 2, and (ii) 5-70 wi% of a
polyurethane oligomer with terminal di- or triacrylic or di- or trimethacrylic function.

15
2. Photochromic materials according to Claim 1, comprising a mixture of two or more
photochromic dyes to give the photochromic materials a gray or brown tint in the darkened
state. '
20 3. A process for making the organic photochromic material according to Claim 1, by

copolymerizing 30-95 wt% of an ethoxylated bisphenol A dimethacrylate having the formula
a:

3 9 ' K t f’ |
’ caz=ci+ocs5'-cumo—@__c @o—(—cuz_c_z@-—};‘c =CH, {x)
an S

where R = H or CH,, and m and n represent independently 1 or 2, with 5-70 wt% of a
polyurethane oligomer having terminal di- or triacrylic or di- or trimethacrylic functionality, in
the presence of a diazo radical initiator and in the absence of peroxide radical initiator.

ey
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e 97055 2% -9
-5 out in the presence of at |east one photochrom c dye selected from
it he-group consTtstimg-of—spir ; ' ' —6-
‘process according to Claim3, further conprising the step of | nRamnpR! it dawg ¥
at | east one photochromic dye into the polymer matrix by t/ASp

of said dye j t he 10 matrix follow ng the polymnmsgl)
Phot ochr oni ct{;bﬂ: cles co%WsWﬁ%ﬂﬁWé?ﬁ%ﬁ“@? gani ¢ p®®chronic
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