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TEWMPERATURE STABLE AND N S ? SUNLI GHT PROTECTED
PHOTOCHROM C ARTI CLES - Field
of the Invention 5 The invention relates to new

phot ochrom ¢ transparent organic materials with a hi gh

refractive index, to a process for their preparation, and to the articles
made of these mat eri al s.

Background of the Invention 10 It is difficult to find a
phot ochrom ¢ material allow ng for t he production of an

opht hal m ¢ | ens whose transmttance varies as a functlon of t he Ilghtl ng.
Qut side of their : :

TEMPERATURE STABLE AND
SUNLIGHT PROTECTED PHOTOCHROMIC ARTICLES

Field of the Invention
5 - The invention relates to new photochromic transparent organic materials with a
high refractive index, to a process for their preparation, and to the articles made of these
materials.
Background of the Invention
10 It is difficult to find a photochromic material allowing for the production of an

ophthalmic lens whose transmittance varies as a function of the lighting. Outside of their
photochromic properties (i.e., colorability, rapid darkening and lightening kinetics,
acceptable durability, etc.), such lenses are generally made by the use of appropriate
mixtures. of photochromic compounds such as spirooxazines and chromenes. The

15 polymer matrixes which are used, though thermally crosslinked, have a low glass
transition point, generally lower than that of CR39° a reference ophthalnuc resin
consisting of diethylene glycol bis(allyl carbonate) available from PPG Industnes, soasto
have rapid photochromic kinetics. Moreover, these polymers generally have a relatwely
low refractive index (<1.54).

20 The majority of these thermally crosslinked matrixes are obtained by radical
polymerization (i.e., polymerization which most often can only be carried out provided
that one uses initiators of the organic peroxide type.) The use of organic peroxides makes
it pracﬁcally impossible to incofporate photochromic molecules in the mixture of
monomers before polymerization, the peroxides having the effect either of destroying any

25 photochromic effect or of giving the product an unaéceptable permanent intense
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out provided that one uses initiators of the ordanic peroxide

tyge.) Thanansfachire andynotiveryexpensivete mamfacture. it practically
i npossi bl e to incorporate photochrom ¢ nol ecul es in the mxture of
nononers before polynerization, the peroxides having the effect either of

destroyi ng any 25 phot c&imﬁﬁy@fﬁfefmmaﬁ of giving the product an
unaccept abl e permanent I ntense -

the inveption relatas 40 new photosghgomis transparerit nmxpanaemls: ol ori ng

agents in lhﬁ ri;gﬁ”ﬁ] cial. di ffusion
process. hid iail"W%ere orpmdufﬁ 4@‘%4%@ of%mﬁ’eo i{lﬁﬁ‘é‘ﬁ for
phat ochr oiénges. rEicorgsiticmatesialgOnLifts of an optxcal-qmt)epél?&nér tittis And aeast BRE oved
phot ochrom ¢ properties and which are easy t manuf acture and not
very expeﬁgm lageqwmgmnncpropem“tothemamx The coloring agent is {
chosen from the group of the spirooxazines, the splropyrans and the chromenes The
polymer of the matrix is chosen ﬁ'om (a) homopolymers of ethyoxylated b1sphenol A

dimethacrylate having formula I:

, cn m-g—s—oca-ca—oh'_._( %J‘,& u;,

in which R is Hor CH,, andmandn mdependently represent 1or 2, and (b) copolymers
20 of ethoxylated bnsphenol A dlmethacrylate contammg, at most, 30 wt% of at least one

aromatic monomer with vinyl, acrylic, or methacryhc ﬁmctlonallty

Surpnsmgly we have found that the materials of the i invention are characterized

pameularly by a glass transition point, and therefore by a hardness, which is greater than

that of many hitherto known organic ophthalmic products without any adverse effects on
25 the darkening and lightening speeds. We have also found that, through the choice of an

appropriate mixture of several colonng agents, it is possible to obtain the desired tint in

phot ochrom ¢ properties (i.e., NaFr kening and | i ghteni ng D

15

such matrixes, pamcularly gray or brown, with this tint pracncally not varymg in the
course of darkemng and hghtemng
The inventive organic matenals also exh:bxt a high refractive mdex, which is in all
" 30 casesgreaterthan 1. 54 and whxchcanbeadjusted, lfnecessary tothedeslred value by
~the use of an appropriate modifying comonomer.
Useful co-monomers for the invention include vinyl, acrylic or methacrylié
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Sutmary of the Invention n| Briefly, the invention relates to
new phot 0- chr wo se/isy W%Emgg ht erial s whi c RCERfUS95/14652
particularly useful far theREP i_on.of photochrom c organic ophthalmc
10 | enses. The lorgar mat erial consists of an optical-quality

pol ymer matrix and at |east one . coBoring agent gi ving
phot ochrom ¢ properties to the matrix. The col oring agent is
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25 t he darkeni ng and Ilghtenl ng speeds. W have al so found that,

t hrough the choice of Ciig - Opiﬂ& m xture f sev col ori ng
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agents, it is pos 2
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The inventive organic materials also exhibit a high refractive index, which
isinall 30 cases greater than 1.54, and which can be adjusted, if

necessary, to thewﬂahﬂtsd—lmtﬂg dﬁdmandnmdependéthbﬁﬁmIWZaQﬁmﬁllyWitEupto
nodi fyi ng cononqrer Usef ul co-nmonopers for the invent]on
i ncl ude vinyl, 2Pt ef ene ormers madifying aromatic monomers with vinyl, acrylic or methacrylic

functionality, in the presence of a diazo radical initiator and in the absence of a perox:de
15 radical initiator. Preferably, RisH, andm=n=2,
Preferably, the polymerization is carried out in the presence of at least one

photochromic coloring agent, which allows one to color the final material in its mass.

Detailed Description of the Invention
20 _ An essential characteristic of the present process is that it is implemented in the
absence of a peroxide radical initiator, the latter being replaced by a diazo initiator. This
. has the advantage of allowing one to incorporate the photochromic coloring agent in the
resin matrix before polymerization of the matrix. Polymerization in the presence of the
~ coloring agent canndt be carried out with a peroxide initiator because the latter may
25 - generate a strong initial coloration of the resulting organic glass. The pérb:ddé initiator
may alsb_ lead to a loss of the photochromic effect. Accordingly, in current processes for
the production of organic glasses, when a peroxide initiator is uéed, a separate coloration
step is required in order to re-impart photochromic properties or color back into the glass.
As stated earlier, the coloration is generally done for example, by the diffusion of the
30 ~ coloring agent or agents into the glass matrix, usually at elevated temperatures. The
preferred inventive process avoids this additional coloring step, and if desired, allows for
the production of a photochromic lens in a single step by carrying out the polymerization

T




[ REPLACEMENT SHEET Dl e
3 WO 961 2gorrpounds containing in'their-f ormil'a one: per/osysA4sANZENE
nucl ei . ngarrﬁ es of sone useful co-monomers are, divinyl benzeney
di al Iyl phthal ate, benzyl or naphthyl acrylatés-or - - .
nmet hacryl ates, etc., as well as their derivatives substituted on the
aromatic nucl eus or nuclei by chlorine or bromne atonms. 5
| n anot hedireptiydna lens mold.nvention al so relates to a process for the

Pent con’ by oOFBms. 3 degreh ul RSB GRH p B R A0 B Rhmlabil®
di met hacr piviire, aithé itivf of the pioatheorhic coloring bgént br s in the in which

Ris Hor CH3, and mand n independently represent | or 2, optionally with.
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radi cal i Atdordingto tHéméthodésyribed ih shesk reférendes, a substrate impregnated with -
Preferably, the polynerization is carried out in the presence of at |east

one photochrefpisicoloning #gent o5 BEFNtHIS appliad:to opg sunface (wsyally thaeorvexcol or the.
final mat gl bal id fe cist oFddis) of the polymer matrix. The impregnated substrate is then |

heatéd to 100-150°C for one to three hours, and finally the substrate is separated from

10 the polymer matrix. | |

The photochromic coloring agent can be chosen from the general classes of the {

spirooxazines, spiropyrans and chromenes having photochromic properties. Quite a large
number of photochromic coloring agents are described in the iterature and are |
commercially available a_hd are described for e_xathple in US patent numbers 5,246,630

15 and 4,994,208, both herein incbrporated_ by reference.

Examples of useful spirooxazines for the invention are described in US patent

numbers 3,562,172; 4,634,767, 4,637,698; 4,720,547, 4,756,973; 4,785,097; 4,792,224;
4,784,474, 4,851,471, 4,816,584, 4,831,142; 4,909,963; 4,931,219, 4,936,995,
4,986,934 5,114,621, 5,139,707; 5,233,038; 4,215,010; 4,342,668, 4,699,473;

20 4,851,530, 4,913,544; 5,171,636; 5,180,524, and 5,166,345, and also in EP-A 0,508,219;
0,232,295; and 0,171,909, among others, herein incorporated by reference.

 Examples of chromenes that can be used are described also in US-A 3,567,605,

4,889,413; 4,931,221, 5,200,116; 5,066,818; 5,244,602; 5,238,981 5,106,998;
4,980,089; and 5,130,058 and EP-A 0,562,915, all herein incorporated by reference.

25 Useful spiropyrans have been described in the literature, for example, in
Photochromism, G. Brown, Ed., Techniques of Chemistry, Wiley Intersmence, Vol. I,
1971, Chapter ITL, pp. 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. Gugliemetti, all herein incorporated by reference.

30 On an indicative and nonlimiting basis, the proportion of photochromic coloring
agent(s) to be incorporated in the matrix can range from 0.03 to 0.3 wt%, and preferably
from 0.05 to 0.1 wt%. o



Detai | ed Descri ption of the Invention 20 h An essenti al
characteri sti cwiod/is®2¢r esent process is that it is inplenentedPOT/NISSS14652
absence of a peroxide radical initiator, the latter being replaced by a
diazo initiator. This has t he advanjage of allow ng one to

I ncor porate the photochromic coloring agent imthe resin matrix
before pol ynerization _of _t trix. Polyngrization in the presence of _the
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the 30 dohmWiley (E289ht or agents into the glass matrix, usual ly at
el evated tenperatures.. The refegred i t|ve roc voi ds
this additional col orikfFaEyyt thepolym dsf’%sﬁ fesample, 1o heat the t he
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pol ymeri zati on WO 96/ 18926
PCT/ US95/ 14652  compound with release of mtrogenandﬁ'eerad:cals This can occur at a relatively low

et 2 e viecmments e e oS i bl S s i
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 10-20 hours. One finally proceeds to anneal the structure by heating in successive
temperature stages, which can exceed 100°C, and for a duration of approximately 1 hour
each.
15 The invention finally relates to the articles consisting completely or partially of a
photochromic organic material according to the invention. |

Nonlimiting examples of such articles are lenses for ophthalmic (corrective)
glasses or sunglasses, windows for automoblles and other vehicles, windows for
buildings, etc. In the articles of the invention, the photochromic organic material of the

20 invention can constitute the whole thickness of the article (solid article) or can be in the
o form of a film or layer stratified on a transparent organic or mineral support.

Lenses, especially ophthalmic lensa, are particularly preferred articles of the
invention.l

These lenses can be produced conveniently by carrying out the polymerization in

25 lens molds, in a conventional manner, for example, as described in US-A 2,542,386;
3,136,000; and 3,881,683 which are herein incorporated by reference.

The stratified articles can be produced easily by application of the polymerizable
mixture (for example, by immersion, by centrifugation, by brush, etc.) to the support and
polymerization of said mixture in situ.

30



pol ymeri zed natrix can be carried out by a conventional thermal diffusion
process_as described for exanple, in United St nos.

5, 130, "’5‘93%5 390 and 5, 180, 254. “Accor di ng“f‘%ﬁ’é method ¢
descrrbed in these references, a substrate inpregnated with '
phot ochrom ¢ col oring agent or agents ies applied to one surface (usually

t he convex surface in the case,of a lens) of the polynmer matrix.
The i npregnated substrate is then - “heated to 100-- 150[err] C for
one to three hours, and finally the substrate is separated from 10

the pol ymer matri x. EXAMPRESphot ochromi ¢ col oring agent can
be chosen fromthe general classes of the o ~ spi rooxazi nes,

spi ropyrans and chromenes havi ng phot ochrom c propertles Quite a Iarge
nunber of phot hrdrdemtosuitablp andepstaithe invention(tedblldwitlg nonliniiting éxarpiésur € and
are commerci ally ayail abl e and are descrr%ed for exanple in US
pabPent nutsgivens The pagtsareparts by weighty 4, 994, 208, both herein i ncor por at ed
by reference. Exanples of useful spirooxazines for the
i nvention are descrrbed in US patent numbers. 3, 562, 172;

4, 634, 76 7Examiie 1 (Refrende)720, 547; 4,756, 973; 4,785,097, 4,792, 224,

4,784,474; 4,851,471; 4,816,584; 4,831, 142; 4,909, 963; 4,931, 219;

4,936, 995; 4,986, 934; 5,114,621; 5,139,707; 5,233,038;

4,215, 010; 4 g?ﬁﬁ 171, 636;
5 180, 524; aﬁg q‘?%(?h% and3 ogrl Egﬁp%ﬁ%s@ﬁg%%ﬁ&ﬁnéﬂ%de&

01@32 2950pesatibnd, 171, 909, anong ot hers, herein |ncorporated by reference. -
Exanpl es of chr es th ca se scrib n US-A

3, 567, 605: 100 part i°§§b‘°ﬂ?§9fﬁ"%’%‘ ‘%'3%3" %6 (
5, 244, 602 ﬁmég @939 9&%@? 58 and
EP-A O, 56f ,ﬁgﬁ&ﬁﬁ%ri |(r$§tln§6rporat ed by ref nce @oﬁmmmp

Usef | ul smmdmﬁr;(hﬁ MezdbmobuymtnbdMBN)maﬁaarer'ﬂrmmémr exanpl e, in

ot O O g B 5B B i el D S

P9t ochr omBldTs pbdthdsderldd for 1 hour at 70°($lf6etr§gurFadlsbed ahd o7 1 Houf be 116°C so
Bouas- Laurent,  El sevier, 1990, Chapter , Splropyrans pp.

314- 455, @ to@btsin & onganic lens after removal from: dted by reference.
o ot 45 i e O B AR SRR T,
from 0. O3replac&l By Dlaléyl 207 (diéthd64a2éd disphenol A dimethyim@adyidfe (fotmbllat it %0
which R, = CH,, R, = H, and m = n = 1) sold by the AKZO company).
20 The physical properties of these glasses, as well as those of a reference organic
glass commercially available under the registered brand CR39® and consisting of the
_homopolymer of diethylene glycot bis(allyl carbonate), are indicated in Table 1 hereafter.
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One observes that the polym_ei materials used in‘the invention at the same time
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have mechanical properties that are equivalent to or superior to those of CR39%, the
reference product, and a clearly higher refractive index values.
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I nventi on. These | enses can be produced conveniently by *
carryi nowode/igdsg pol yneri zation in 25 | ens nol ds, i Bofruksidy tional
manner, for exanple, as described in US-A 2,542, 386; , 136, 000; ,
and 3, 881, 683 which are herein incorporated by reference.

The stratified articles can be producedy easily by application of the

pol yneri zabl e : m xture (for exanple, by imersion, by
centrifi imby brush, etc.) to the support and '
pol yneri z said mxture in situ. 30 WD 96/ 18926

PCT/ US95/ 14652 Same process as Examples 1A or 1B, except that a photochromic coloring agent 6
In order tg suitably understand the inventjon, the Follow ng nonlimting

exanpl es chosen from the tablg below istpcorpera tﬁpéﬁggélwmﬁ%mwr.e. The coloring

Eanple 1 . or with etirr —-0hot och ' '
ol asses o Bok BEHORLdjn the monpmer with siing gnd W RERfig ! 0chr o © O gani ¢
5 ' :

| | Coloring Agents -

COLORING AGENT NO. | FORMULA | NOMENCLATURE

1 1,3,3-Trimethylspiro
[2H-indole-2,3"-[3H]
_phenanithra(9,10b)[ 1,4]
oxazine]

5-Chloro derivative of
eolonng asent No. 1

1,3,3-TMM0
findolino-2,3'[3H]-naphtho
(2,1b)(1,4)oxazine] ‘

10 3

1,3,3,5,6-Pentamethylspiro
- | [indolino-2,3'{3H]-naphtho
| 2.16X1,4)oxazine]

1,3,3-Trimethylspiro
[indolino-6(1-piperidyl)-
23(3H]-napththo
(2,1b)(1,4)oxazine]

6 ) 3,3-Diphenyl-3H-paththo - |
' . ) [2,1b]pyrane I

15 In the photochromic materials or glasses obtained, the times of half-darkening and
half-lightening are measured. The fight source is a mercury vapor lamp, and the
measurement of transmission is done at the wavelength of A, of the coloring agent and
at room temperature on a 2-mm-thick sample. Table II below recapitulates the results
obtained for various photochromic materials according to the invention. |
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In this second stage,

The resulting 15
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fromthe
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which Rlerr] 3 =H and] Qotorihg= | W__S0! dl O¥ndehe 3 ohkni
20 IrgPT OPe Wg@ﬁt gf_ Bﬁ'ﬁe s %:?g
those of a ref NV Py
t he regi stereq 1586°C cohsl stingjsbsthe {03% |3 hormopglgyner
of diethyl ene car bongt e), aréf i ndi c ed in Table |
hereafter. Wo-9618926~— "
PCT/ US95/ 1465322 . Diacryl |- 6 435 0.4% 4 7 7
Table |. Conpédred physitonl prpperties
CR39 aAsSo BUI VU\Jl G asSo I I \fcuI .
3 Diacrtyl |~ 60S 0.05% 5 7
101 '
4 Diacryl |~ 2 590 005% |7 1"
101
10 5 Diacryl 109°C 3 605 0.3% 3 4
122
6 Diacryl |- 4 605 0.2% 3 6
121
15 The examples above show that, regardless of the type of photochromic compound
used, one observes with all the glasses of the invention rapid kinetics of darkening as well
as lightening, in spite of the high T, values of the resins, particularly ifi the case of Diacryl
101 (T, = 156°C), with the best mode being represented by photochromic glass 1.
20
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490 ~ WO96/18926 230 (N )
in GPa by DMVA 3.34.
3.40 by Vickers . 3.1710
3.34 @ ass Transition 94[err]C
107[ err] C Example 3 Tlerr](max t[err])

1. 565 1.5575 20

CR39[err],

t he

rom Di acryl 121

ref erence product,

15

Shore D Hardness

5.30
5.10
156[ err]
Refractive |

84

Vi cker s Har dness 215
El ast | C%ﬁﬂ us 10 x

_ One observes that ‘the
polynmer materials used in the invention at the sanme tine

mechani cal  pr opgiphbfoehdokis lefs Vith 4\ BratPif K

and%%fq E‘l‘égﬁer

C

ndex 1.498
have

€ of

refractive

i ndex val u@pgrauon of Bxample 1A, except that one mcorporates in the polymenzatzon mixture 0.2
part No. 4 blue colonng agent, 0.025 part No. S red colonng agent and 0.20 part No 6
yellow coloring agent. ' : '
The lens obtained has rapid darkening and lightening properties. The kinetics of
the three coloring agents used being similar, the lens keeps its neutral gray tint during the
process of darkemng, as well as that of lightening. The lens has a good photostability
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with time as shown by the results presented in Table III below of transmlttance

measurements before and after 283 hours of exposure at a wavelength of 560 nm

- (60, OOO-qu xenon lamp) at 20°C
Table II
Transmittance Before After
To"® 84.9% 82.5%
Tpy® |265% 28.1%
Tgs® 72.7% 71.6%

T, corresponds to the initial transmission of the lens.
Tpis = % transmission at 560 nm after 15 min of exposure under the xenon lamp;

thickness of sample: 2 mm.

Tys = % transmission at 560 nm after 15 min of exposure and 5 min of lightening

in darkness.
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Sage process as Exanples 1A or 1B, except that a photochrom c col oring
agent chosen fromthe table bel ow{ S incorporated into the

pol yneri zati on -mat ure. -The col-orng ]agent I's dissolved in the

mononer with stirring and siight  heating. 5
Col ori ng Agents EX@Q&S—# L '

This example illustrates the variant of the process of the invention consisting of
~ incorporating the photochromic coloring agent by diffusion after polymerization.
5 One prepares a lens according to the mode of operaﬁon of Example 1, and
therefore not containing any photochromic coloring agents. o
One prepares a solution of 1 g of coloring agent No. 4 in 10 g of tetrahydrofuran.
One impregnates a disk of filter paper with the solution thus prepared; one applies the
filter to the convex front surface of the lens obtained. One maintains the lens under
10 pressure by means of a mineral glass lens with the same radius of curvature as the plastic
lens, and one heats it for 2 hours at i30° C. One separates the components, and stoves
the lens obtained for 2 hours at 110°C.
The final lens obtained is photochromic with the following characteristics
(measured at A4, = 616 nm).
15 Initial transmission T, = 86.6%
Transmission in the darkened state = 13.8%
Half-darkening time t,,, = 3 sec '
Half-lightening time t,, = 4 sec
The results obtained (kinetics) are cbmpletely comparable to those obtained by
20 incorporation in the matrix beforehand (see Example 2).
It goes without saying that the embodiments described are only examples, and one
could modify them, particularly by substitution of equivalent techniques, without
consequently leaving the scope of the invention.



15 In the photochromic materials or glasses obtained, the
tines 0 ;,—zglar keni ng and “hal f-fighteni ng arpcresysiisesd. The

| ight source Is a nercury vapor lanp, and the measur enent = of i
transm ssion is done at the wavelength of [err] of the coloring agent and

at roomtenperature on a 2-mmthick sah%le Ty pitulates '
the results obtined for various pho BeISrSRES WAS BEFMIls accor di ng
to the i nCEAIMSn. , REPLACED. _

1.  ' Photochromic transparent organic matesials consisting of an optical quality
polymer matrix and at least one coloring agent giving photochromic properties to said
matrix, the coloring agent being selected from the group consisting of spiroxazines,

~ spiropyrans, and chromenes; and the polymer of the matrix being selected from the group

consisting of (a) homopolymers of ethoxylated bisphenol A dimethylacrylate with formula
I _ .

.f'ig-’.-.«,,b.ca_o () z@o_el@.,.f.;z w

in which R is H or CH,, and m and n independently represent 1 or 2, and (b) copolymers
of ethoxylated bisphenol A dimethylacrylate containing at most 30 weight percent of an
aromatic monomer with vinyl, acrylic or methoacrylic ﬁmctionnlity.'-

2. Photochromic organic materials according to Claim 1, characterized by the fact

that they contain a mixture of photochromic colormg agents giving a gray or brown tint to
the glass in a darkened state. '

3. Photochromic organic materials according to: Claim 1 wherein the polymer is a

~ comonomer selected from the group consisting of divinylbenzene, diallyl phtalate, benzyl
methacrylate, benzyl acrylate, naphthyl methacrylate and naphthy! acrylate.

| 4 A process for making the photochromic organic material according to Claim 1,

comprising the steps of polymerizing a polymer selected from the group consisting of (a)
homopolymers of ethoxylated bisphenol A dimethylacrylate with formula I:

cH, sé -car.-a—@.i“ -@o—'-:az-c:p—)-c-!-cxz (1)

in which R is H or CH;, and m and n independently represent 1 or 2, and (b) copolymers

"G o
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. Table I Phot o- REPLACED

to tw ' chrom ¢ 13 Coloring A

. Concen- Dar keni ng Lightning 5 d ass Mat ri x Tg
Agent
D acryl 1 56 Cpf ethoxylag&tﬂlﬁ'ﬁenol %@@mﬂﬁ)yhéégﬁﬂmﬁ)n post 30 weight pzrcl-,nt of an
101 aromatic monomer \atlaﬂnylj actyhc or methoacrth functionality, 435 0. 4%
5 ! enmtiJL rtl\{ radi and on°
0. 05% 5 sa:dmolymerbemg polym in epremeofadmzo cal injtiator and in
D acryl - 0. 05% 7 11
101 10 the presenct of a ”ﬂ"’é’c‘;’r@‘?&l AT 1 C 3 605 0.3%
3 4 122 .

S. The process according to Claim 4, wherein R is H and m=n=2

6. The process according to Claim 5, wherein the polymerization is carried out in the
presence of at least one photochromic coloring agent selected from the group consisting

of spriooxazines, spiropyrans and chromenes.

7. The process according to Claim 4, further comprising the step of incorporating at
least one photochromic coloring agent into the polymer matrix.

8. The process according to Claim 7, wherein the photochromic coloring agent is
incorporated by a process of thermal diffusion. |

9. Photochromic articles comprising the transparent photochromic organic materials
according to Claim 1.

10.  An ophthalmic lens comprising the transparent photochromic organic material
according to Claim 1.
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CLAIMS:

1. Photochromic transparent organic materials consisting of an optical quality
polymer matrix and at least one coloring agent giving photochromic properties to said
matrix, the coloring agent being selected from the group consisting of spirooxazines,
spiropyrans, and chromenes; and the polymer of the matrix being selected from the

group consisting of (a) homopolymers of ethoxylated bisphenol A dimethylacrylate
with formula I:

CH, R R CH,
| | |
CH,=C-C-—(—O’CH;—CH,—_),,,—-O—-@-—C— @—0—(-CH2-CH20-),,—-C C=CH,

I Il

O ' @
in which R is H or CH;, and m and n independently represent 1 or 2, and (b)
copolymers of ethoxylated Bisphenol A dimethylacrylate containing at most 30

weight percent of an aromatic monomer with vinyl, acrylic or methoacrylic
functionality.

2. Photochromic organic materials according to Claim 1, characterized by the
fact that they contain a mixture of photochromic coloring agents giving a gray or
brown tint to the glass in a darkened state.

3. Photochromic organic materials according to Claim 1, wherein the aromatic
monomer is selected from the group consisting of divinylbenzene, diallyl phthalate,
benzyl methacrylate, benzyl acrylate, naphthyl methacrylate and naphthyl acrylate.

4, A process for making the photochromic organic material according to claim
1, comprising the steps of polymerizing a polymer selected from the group consisting
of (a) homopolymers of ethoxylated bisphenol A dimethylacrylate with formula I:

ot T
T IIIl Al
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A photochromic lens with a gray tint is prepared according to the node oF\
operation of Exanple 1A, except that one por at es t he olynerlzatlonﬂ
m xture 0.2 5 part :
col oring agent and 0.20 part
The | ens obtai ned has rapid dh
ki netics of the three colorlng agents us
| ens keeps its neutral gray tint during the 13 process O
darkening, as well as that of lightening. The-lens has a good
photostability 10 CHgith Rime as shown byGHse results pr&ented i GH;
Table 111 below, of trgnsmitténce measurenents bdfore andlafter
283 hours of exposliHg=6C-ea-(vROUHE T )~ ~Qn ~0~(-CH,~CH{D-)eeciTrCH,
xenon 1anp) at 20[err]C] 15 | |

Table |11 5 O TransmttOnce CH, Before o 1))
Af ter To[ err] 84. 9%

5233 i(o;) 20 in wh@ﬁq{ i§ H or CH;, and m and n mc%gelﬁ%tly represent 1 or 2, and (b)
;71: 6%(: copolymers 0¥ ethoxylated bisphenol A dimethylacrylate contammg at most 30

weight percent of an aromatic monomer with vinyl, acrylic or methoacrylic
10 functionality,
said polymer being polymerized in the presence of a diazo radical initiator and
in the absence of a peroxide radical initiator. -

5. The ﬁrocess according to Claim 4, wherein R is H and m=n=2.

15 _
6. The process according to Claim 5, wherein the polymerization is carried out
in the presence of at least one photochromic coloring agent selected from the group

consisting of spirooxazines, spiropyrans and chromenes.

20 7. | The process according to Claim 4, further comprising the step of incorporating
at least one photochromic coloring agent into the polymer matrix.

8. The process according to Claim 7, wherein the photochromic coloring agent
is incorporated by a process of thermal diffusion.

25
9. Photochromic articles comprising' the transparent photochromic organic

materials according to Claim 1.

10.  An ophthalmic lens comprising the transparent photochromic organic material
30 according to Claim 1.

_—
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sion of the_

25 7 T[err] corresponds to the initial trg

| ens. ' T[err] = %transmssion at 5 m@bé@,gﬁ:&-‘sg@m f
exposure under the xenon | anp; t hi ckness of|} sanpl e: nm

T[err] = %transm ssion at 560 nmafter 15 mn of exp %%andvsguuﬁﬂ'] _
| i ght eni ng I n darkness. 30 2 VO ‘
PCT/ US95/ 14652 Exanpl e 4. Thi s exanpl e
illustrates th t: Gitd'm

i ncor porati n&@ﬁ% g@o%ﬁgrngrlr? §b g??%éﬂg%%ﬂﬁ%&gﬁ%?€9¥on a 0tséehrb %tﬂi' most
pol yneri zati Q:&enbﬁaspecmlthennaldxﬁ‘usxo@woqwepar es a lens according to the
node of operation of Exa le 1, and t heref orre not containing
any phot ochroni ¢ ddieeafs l@g@g@tgmuestobeaneed for photochrepic tsanspparent osganic

g(wjlauit Irrgpegl;lal °’EE%W§%RIS‘?0?9“&?‘ gﬁé?ébr\nb@ﬁ]‘?ﬁge Taﬁon husgsyepared one

appl i & the manufacture and hot V& ekﬁentsivet@mmcﬁxmnt surface of the |ens
obt ai ned. One numintains the Iens under 10 pressure by neans of a

m neral glass lens with the sane radius of curvature as the plastic

| ens, and one heats it for 2 hours i 11;?8 L] separates the
conponents, and stoves S? [agfhgg aﬁnﬁé for 2 hours at

~110[err]C Briefly, the inventibfi felaied & néw photebitbmirtrasspirent &ghme Hiateridld h
the foll ow ng charact erlstlcs measur.ed at [err] 616 nm .
_which are particularly useful for the productxon of photochromic organic ophthalmlc

10 lenses. The organic material consists of an optical-quality polymer matrix and at least one
coloring agent giving photochromic properties to the matrix. The coloring agent is
— chosen from the group of the spirooxazines, the spirbpyrans, and the chromenes. The
polymer of the matrix is chosen from (a) homopolymers of ethyoxylated bisphenol A
dimethacrylate having formula I: . '
15 ?83 ' ; '
/ CH, =c-i:-§-oca-cz15’-:;o .
o

2
-
“8

(1)

=l em
o]

;
o

in Wch R is H or CH,, and m and n independently represent 1 or 2, and (b) copolymers
20 of ethoxylated bisphenol A dimethacrylate containing, at most, 30 wt% of at least one
aromatic monomer with vinyl, acrylic, or methacrylic functionality. |
Surprisingly, we have found that the materials of the invention are characterized
particularly by a glass transition point, and therefore by a hardness, which is greater than
that of many hitherto known organic ophthalmic products without any adverse effects on
25 the darkening and lightening speeds. We have also found that, through the choice of an
appropriate mixture of several coloring agents, it is possible to obtain the desired tint in
such matrixes, particularly gray or brown, with this tint practxca!ly not varying in the
course of darkening and lightening. .
The inventive organic materials also exhibit a high refractive index, which is in all
30 cases greater than 1,54, and which can be adjusted, if necessary, to the desired value by
the use of an appropriate modifying comonomer.

Useful co-monomers for the invention include vinyl, acrylic or methacrylic



15 " Initial transm ssion T[err] = 86.6%
Transmi ssion in the darkened state = 13. 8% :
Hal f-darkening time t[err] 3 sec HebPLACEQENT BHEETL || MR
t[err]= 4 sec The results obtairned (Kinpetj spgzre
conpl etely conparable to those obtained by 20 Dh@qp,g,o%_ 0n...n
matri x beforehand (see Exanple 2). : ; ‘
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sayi ng that the enbodi nents descri bed are only exanples, and one
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wi t hout onsequ |'eaving the scope o e I nventl on.

REPLACENVENT gkéfiillco-monomers are, divinylbenzene, diallyl phthalate, benzyl or naphthyllatrylates or -
CLAI MVB: 1. Phot ochronj c transparent or%ani c materials_ consisting

of an opti camethasrylatgs, etc., as welh ag their degivatives substituted qnsthe gramatia miclews ofgent
gi vi ng phot ochr,oni c eperti es . I.d matri x, the coloring agent
bei ng sel ect gac%rgyﬁiﬁéggegﬁ%%ﬁg%ﬁggﬁs ing of spirooxazines, 5

spi rogyrans, and qhhAseraspedt)thd nQemivn)diRy relites toca priceisfob tieYiepahesn 6€ithe

fromthe group consisting of (a) honmopol ynmers of ethoxylated
bi sphenol A ghotechsdmic opganiematerials of the inventianby polymerizing an ethoxylated bisphenol

A dimethacrylate, corresponding to formula I:

t he

CH, R

{ i ie! i JCB:’
ca,=c.c-§-oca-ca£-:;o—@-.-c -az-cno—);;c e, (1)
e éuj !

10

in which R is H or CH,, and m and n independently represent 1 or2, optionally with up to
30 wt% of one or more modifying aromatic monomers with vinyl, acrylic or methacrylic
. functionality, in the presence of a diazo radical initiator and in the absence of a peroxide
15 radical initiator. Preferably, RisH,andm=n=2.
Preferably, the polymerization is carried out in the presence of at least one

photochromic coloring agent, which allows one to color the final material in its mass.

Detailed Description of the Invention

20 An essential characteristic of the present process is that it is implemented in the
absence of a2 peroxide radical initiator, the latter being replaced by a diazo initiator. This
has the advantage of allowing one to incorporate the photochromic coloring agent in the
resin matrix before polymerization of the matrix. Polymerization in the presence of the
coloring agent cannot be carried out with a peroxide initiator because the latter may

25 generate a strong initial coloraﬁon of the resulting organic glass. The peroxide initiator
may also lead to a loss of the photochromic effect. Accordingly, in current processes for
the production of organic glasses, when a peroxide initiator is used, a separate coloration
step is required in order to re-impart photochromic properties or color back into the glass-.
As stated earlier, the coloration is generally done for example, by the diffusion of the

30 coloring agent or agents into the glass matrix, usually at elevated temperatures. The
preferred inventive process avoids this additional coloring step, and if desired, allows for

the production of a photochromic lens in a single step by carrying out the polymerization
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in V\:Fli ch Ris Hor CH3, and mand n’ |ndependently represent 1 or 2, and (b)
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S spiropyrans, and chromenes; and the polymer of the matrix being selected from the

group consisting of (a) homopolymers of ethoxylated bnsphenol A dimethylacrylate
with formula I:

CH, R R CH,
10 | |

|
CH,=C-C—(-OCH ~CH,"),, o-@-c— @—Oa(-CH,-CH 0-),—C-C=CH,
N\ I I
CH, 0 O
in which R is H or CH,, and m and n independently represent 1 or 2, and (b)

copolymers of ethoxylated bisphenol A dimethylacrylate containing at most 30

weight percent of an aromatic monomer with vinyl, acrylic or methoacrylic
functionality.

15

20 2. Photochromic organic materials according to Claim 1, characterized by the

fact that they contain a mixture of photochromic coloring agents giving a gray or
brown tint to the glass in a darkened state.

" 3. - Photochromic organic materials according to Claim 1, wherein the aromatic
25 monomer is selected from the group consisting of divinylbenzene, diallyl phthalate,
benzyl methacrylate, benzyl acrylate, naphthyl methacrylate and naphthyl acrylate.
4, A process for making the photochromic organic material according to claim
1, comprising the steps of polymerizing a polymer selected from the group consisting

30 of (a) homopolymers of ethoxylated bisphenol A dimethylacrylaté with formula I:

-_—
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sai d polymer being polynerized in the presence of a |azogq|m_cm7| ni tjjator
and I n the absence of a peroxide radical ini Paleor™:

The process according to Claim4, wherein Ris H and meEn=2. 15 6.
The process according to Claimb5, wherein thqépolynerlzatlon is carried out
in the presence of at |east one photochronic coloring agent selected from
t he group
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in which R is H or CH;, and m and n indépendently represent 1 or 2, and (b)

tic

copolymers of ethoxylated bisphenol A dimethylacrylate containing at most 30

weight percent of an aromatic monomer with vinyl, acrylic or methoacrylic
10 functionality,

said polymer being polymerized in the presence of a diazo radical initiator and
in the absence of a peroxide radical initiator.

5. The process é.ccording to Claim 4, wherein R is H and m=n=2.
15

6. The process according to Claim 5, wherein the polymerization-is carried out

in the presence of at least one photochromic coloring agent selected from the group
consisting of spirooxazines, spiropyrans and chromenes.

20 7. The process according to Claim 4, further comprising the step of incorporating

at least one photochromic coloring agent into the polymer matrix.

8. The process according to Claim 7, wherein the photochromic coloring agent
" is incorporated by a process of thermal diffusion.
25
9. Photochromic articles comprising the transparent photochromic organic

materials according to Claim 1.

10.  An ophthalmic lens comprising the transparent photochromic organic material
30 according to Claim 1.
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The invention relates to photochromic transparent organic materials particularly useful for the production of photochromic organic
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