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H GH ‘REFRACTI VE | NDEX PHOTOCHROM C OPHTHALM C:ARTIGUE - " This is a _
contli nuati on-in-part of application Serial No. v Q 1(%8,1-59, filed Cctobers -

*15, 1993.

The present invention is an ingyfovenent to photpchromics

organi c ophthalm ¢ articles. As used herein and in the claims, a =

phot ochronic conpound or article is one which xeversibly changes froma.
light color or colorless state to a darker color when exposed to .
ultraviolet light (darkening) and then returns to.its original :light cotf.or
or colorless sHatE REERACEIVEY@8DER OpRbTEHROMICEORETRALMIC IaReiTob.et | i ght
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. This is a continuation-in-part’ of application Serial No.

08/138,159, filed October 15, 1993.

The present invention is an improyement to photochromic
organic ophthalmic articles. As used herein and in the
claims, a photochromic compound or article is one which
reversibly changes from a light color or colorless state to a
darker color when exposed to ultraviolet light (darkening)
and then returns to its original light color or colorless
state when removed from the influence of ultraviolet light
{(bleaching) and is capable of undergoing many such cycles of
darkening and bleaching.

Photochromic inorganic glass ophthalmic lenses having
high indices of refraction are known, but such glass lenses,
particularly those providing large optical corrections, are
heavy and often uncomfortable to wear. Photochromic organic
ophthalmic lenses having low indices of refraction are known,
but while they may provide some reduction in weight as -
compared to glass lenses, they suffer from the requirement
that the volume of the lens must be inordinately large.

There is a need for photochromic ophthalmic lenses and
other ophthalmic articles such as lens blanks, face plates,
and the like, having not only reduced weight as compared with
photochromic glass lenses but also reduced volume as -compared
with the known photochromic organic lenses. The present
invention serves the unique function of concurrently
providing photochromism, low weight, and low volume to

ophthalmic articles.
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(bl eaching) and is capable of under90|ng many such cycles of darkening and
bl eathi ng. Phot:ochrionmi ¢ i norgani ¢ gl ass opht halim ¢ | enses havi ng

hi gh i ndi ces of refraction are known, but such gl ass lenses, particularly
those providing | arge optical corrections, are heavy and often
unconfortable to wear. Photochrom c organic ophthalmc |enses having | ow

i ndi ces of refraction are known, but _while they may provide sone reduction
in weight as conpared to glass |lenses, they suffer fromthe requirenent

that the volune of the | ens nust be |nord|natel |.ar ge . There is a
need for photockﬁ?ﬁﬂ??lBgﬁVha}?n?:HQQ%RE?rﬁﬂﬂC ?ﬁ%%ﬁl %ﬁ?ﬁﬁ?ﬁ?tcarticles such

as lens bl an face Iates and t he ) I ng [ d wei ght
as corrparec‘iﬂ'r 1C%e Sehr e cP?%% %H?Es b glgggégdﬁl é’%Igﬁge as
conpar ed

polymeric matrix having a front surface and rear surface; and
(b) photochromic compound, one embodimeht of the invention is
5 the improvement wherein the article has a refractive index at
20° C and a wavelength of 589.3 nanometers is at least 1.53.
The high refractive index photochromic organic
ophthalmic articles of the present invention are particularly
advantageous when the absolute value of optical correction is
10 at least 2 diopters. The advantages become more pronounced
as tﬁe absolute value of optical correction extends to higher
values. Nevertheless, the principles of the present
invention are also applicable to plano ophthalmic articles
and to ophthalmic articles having small optical corrections.
15 In many cases these articles are lighter because the matrix
of the article is of lower density than that of a
corresponding article of lower refractive index.
Photochromic compound, mixtures of such compounds, oOr
‘compositions containing the same (herein;fter *photochromic
20 substances”) may be incorporated into a matrix or a portion
thereof by various methods described in the art. Such
methods include dissolving or dispersing the substance within
the matrix, e.g., imbibition of the photochromic substance
into the matrix by immersion of the host material in a hot
25 solution of the photochromic substance or by thermal
transfer. Alternatively, the photochromic substance may be

included as a component of the polymerizable composition
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wi th the known photochropic organic |enses. The pregent invention serves
the uni que_function of concurrently providing photoghrom sm |ow weight,
‘and | ow volune to ophthalmc articles.

- 2- Accordingly, in a photochrom c organic ophthalmc article
conprising in conmbination: (a) a thernpbset organic polyneric matrix
having a front surface and rear surface;;and (b) photochrom c conpound,
one enbodi ment of the invention is

which is polymerized to form the matrix polymer. The term

"imbibition" or "imbibe" is intendea to mean and-include
permeation of the photochromic substance alone into the
matrix, solvent assisted transfer absofption of the

5 photochromic substance into a porous polymer, vapor phase
transfer, and other such transfer mechanisms. See U.S.
Patent No. 5,066,818 colﬁmn 14, line 41 to column 15, line 25
for examples of the above method.

It is preferred that the photochromic compound(s) be

10 imbibed into at least one surface of the photochromic
article. Therefore, in a photochromic organic ophthalmic
article comprising in combination: {(a}) a thermoset organic
polymeric matrix having a front surface and a rear surface;
and (b) photochromic compound imbibed into at least one of

15 the surfaces, another embodiment of the invention is the
improvement wherein the article has a refractive index at 20°C
and a wavelength of 589.3 nanometers of at least 1.53.

Most photochromic compounds comprise several rinés, one

"of which opens and closes as the compound is transformed

200 between the light and dark states. The ability of
photochroemic compounds to open and close involves both
physical and chemical interactions with the polymeric matrix.
Although high refractive index polymers are known, many, if
not most, are unsatisfactory as polymeric matrices for

25 photochromic compounds because such compounds do not function
photochromically in association with such polymers. There

are two requirements for the polymeric matrix used in the
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t:he [nprovenent'mherein the article has a refractive index at 20 C and a
wavel'engt h_of 589.3 nandifeters is at |east 1.53. / The high refractive

i ndex photochromi c organic ophthalmc articles of ihermggﬁgmﬁsg@yﬁa&&gp

are particularly advantageous when the absolute val ue [ |
correction is at least 2 diopters. The advantages beco ﬂﬁmﬂﬁ Iﬁulpced
as the absolute value of optical correction extends to Hhi .

Neverthel ess, the. principles of the ptesent invention are al so applicabl e
to plano ophthalmc articles and to ophthalmc articles having snal

optical corpeekbRPSinvddtiBRANY €AS6s: AdeSe 8hhtClehhare d hgpher because the
matrix of the article is of Iower density than that of a “corresponding

article of hefehctifd acideke kRAexis, an inBeet ath2@d endoapeavelendtit ur es of
such conpounds, or conpositions containing the sanme (hereinafter
"phot ochr omo€ 589.3 nanometers of at least 1.53, and second, that _
photochromic compound(s) dispersed in ;t least a portion of
5 the matrix be able to function in a photochromic manner.

The matrix comprises polymer formed by polymerizing a
polymerizable composition comprising at least one high
refractive index imparting monomer. Such monomers are
usually aromatic compounds, sulfur containing compounds, or

10 aromatic compounds containing sulfur. The monomers
theméelves are either well known or can be prepared by
procedures well known in the art. Examples of high
refractive index imparting monomers include: thiophosphate
esters as described in JP 04-249534; styrene; brominated

15 styrene; chlorinated styrene; divinyl benzene;
isopropenylbenzene; vinyl naphthalene; isopropenyl
naphthalene; bis(vinylthio) benzene as described in JP 02-
53809; vinylbenzene thiophosphite ester as described in JP
-04—308597; polythiol (meth)acrylate as described in JP 03-

20 11054; vinyl phenyl phosphines aé described in U.S.
5,086,140; S-phenylmethyl thio(meth)acrylates as described in
JP 01-115910; polyfunctional thio(meth)acrylates as disclosed
in JP 01-297242 and EP 0336361; bisphenol
bis((meth)acrylates) and ethoxylated bisphenol

25 Dbis({meth)acrylates) as described in U.S. 4,306,780, GB

2,076,836, JP 02-111742 and JP 02-111743; naphthalenediol

bis ({meth)acrylates) and ethoxylated naphthalenediol



'subjst‘ances") may be incoporated into a matrix or a portion thereof by
vari ous met hods describédyin the art. Such nethods™i ncl ude dissol vi ng or
di spersing the substance within the matrix, e.g., i ﬁbITblB_Sﬁlceﬂia@Bceﬁqu

phot ochromi ¢ substance into the matrix by inmersion of Hmﬁ‘l aI
ent

in a hot solution of the photochrom c substance or by t
described in GB 2,093,843; allyl naphthalene carboxylate;

Al ternatively, the photochrom c subst ance may be incl ude
of the polynmerizabl e conposition '

bis{(meth)acrylates); aromatic thio(meth)acrylates as

diallyl naphthalene dicarboxylate; allyl benzoate; bisphenol
bis(allyl carbonates) and ethoxylated gisphenol bis{allyl

5 carbonates); naphthalenediol bis(allyl carbonates) and
ethoxylated naphthalenediol bis(allyl carbonates);
thiocarbamates as described in U.S. 4,680,369, U.S.
4,689,387, U.S. 5,013, 496, U.S. 5,021,503, U.5. 5,191,055,
U.S. 5,191,061, U.S. 5,194,599, EP 0530757, and JP 04—117354;

10 vinylbenzene terminated thioethers as described in JP 02-
537é3, JP 02-268152, JP 03-157061, JP 04-1398205, and JP 04-
93309; divinylbiphenyl as described in JP 02-113009;
diisopropenylbiphenyl; ethoxylated phenol (meth)acrylates;
thiodiphenol bis ((meth)acrylates); dimercaptophenyl sulfide

15 Dbis((meth)acrylates); bis((meth)acryloyl)
poly (oxyalkylene) thiophenyl sulfides as described in JP 02-
247212; thiodiphenyl sulfide bis({(meth)acrylates) as
described in JP 04-202216; bis(vinylbenzene)thiocether
‘urethanes as described in DE 3903279;

20 vinylbenzoyl (poly)thiocether (meth) acrylates; vihylbenzyl
terminated (poly)thiocether; dibenzyl fumarate; dibenzyl
maleate; vinyl phenoxathine as described in EP 0320954;
ethylphenylvinylbenzodioxole as described in JP 01-156306;
ethylphenylvinyl benzodithiole as described in JP 01-156306;

25 N-substituted benzylthiazoline-2-thione as described in JP
03-041110; vinylmercaptobenzoylthiozole as described in JP

02-265907; acryloylmercaptobenzothiozole as described in JP



which-is polynerized to formthe matrix polymer. The term "inbibition" or
"inbibe" is intended to nean and include perneation of the photochromc
substance alone into the nmatrix, solvent assisted trafsfee. abhBeeqRdeedof
the photochrom c substance into a porous polynmer, vapo er.,
and ot her such transfer nmechanisns. See U.S. Patent Nolmmgﬂ um
14, line 41 to colum 15, line 25 for exanples of the net hod.

It is preferred that the photochrom c compound(s) be inbibed into at | east
one surface of the photochromc article. Therefore, in a photochromc

or gani ¢ ophtdml28s007ar 8i6é 00 LRHRNYS MFeti) olianat asndeda)ibed her apset
organic polvneric matrix having a front surface and a rear surface; and
(b) phot ochr@vig 7a@AROVNE i vEH Aad chiberrdr |@as(mebR) aéryldwessasf aces,

anot her enbodi ment of the invention is the

described in JP 03-296508; tri(styrylmethyl)thiocyanurate as

described in JP 03-145601; (meth)acryloyl(thio)carbamates as

5 described in JP 02-298506; dihydroxybenzene
bis((meth)acrylates) and ethoxylated dihydroxybenzene
bis({meth)acrylates); dihydroxybenzene bis{(allyl carbonates)
and ethoxylated dihydroxybenzene bis(allyl carbonates).

One high refractive index imparting monomer or a mixture

10 of ﬁwo or more such monomers may be used as desired.

The following high refractive index imparting monomers
are preferred: bisphenol A bis((meth)acrylate), ethoxylated
bisphenol A bis({(meth)acrylate) containing from greater than 0
to 10 ethyleneoxy (EO) groups, .phenoxyethyl (meth)acrylate,

15 thiodiphenol bis((meth)acrylate), styrene, oa-methylstyrene,
divinylbenzene, diisopropenylbenzene, diallyl phthalate and
-bisphenol A bis(allyl carbona;e).

The diallyl phthalate may be diallyl o-phthalate, diallyl

m-phthalate, diallyl p-phthalate, or a mixture thereof. 1In

20 most, but not all, instances the diallyl phthalate constitutes
from 0 to 40 percent by welght of the total monomer of the
composition. Often the diallyl phthalate constitutes from 0
to 25 percent by weight of the total monomer of the

composition. From 0 to 10 percent by weight is preferred.



| nprovenent wherein the article has a refractive index at 20[err]C and:.a
wavel engt h _of 589.3 nanomreters of at |east 1.53. £ Most photochronic

compounds conprise several rings, one of which openg and cl oses as the
conpound is transformed between the light and dark states. The ability of
phot ochrom ¢ conpounds to open and cl ose involves both physical and

chem cal interactions with the polyneric matrix. Although high refractive-
i ndex polynmers are known, nmany, if not rmst, are unsatisfactory as
polymeric matrices for photochrom ¢ conmpounds because such conpounds do

not functi omheahaﬁgﬁb%w@ma'mtgnigswéa afd QR LD S RAULEESom dhere
are two requirenents Tor the polyneric matrix used in the
to 40 percent by weight of tHe total monomer of the
composition. Often the diallyl phthalate constitutes Trom 0.5
to 25 percent by weight of the total monomer of the
5 compeosition. From 1 to 10 percent by weight is preferred.

One of more monomers which do not impgrt high refractive
index to the matrix may optionally be present in the
polymerizable composition. There are many such monomers.
Examples include the diacrylates and dimethacrylates of

10 eth?lene glycol, 1,3-propane diol, propylene glycol, 2,3-
butane diol, 1,4-butane diol, 2-ethylbutane-1,4-diol, 1,5-
péntane diol, 1,6-hekane diol, 1,7—heptane diol, 1,8-octane
diol, 1,10-decane diol. 1,4-cyclohexane diol, 1,4-
dimethylolcyclohexane, 2,2-diethylpropane-1,3-diol, diethylene

15 glycol. triethylene glycol, dipropylene glycol, neopentyl
glycol; the triacrylates, trimethacrylates, diacrylates and

. dimethacrylates of glycerol, 1,1,17trimethylol propane and
trimethylol ethane; and the tetraacrylates,
tetramethacrylates, triacrylates, trimethacrylates,

20 diacrylates, and dimethacrylates of erythritol. Examples of
such monofunctional monomers that may be present may include
methyl acrylate, methyl methacrylate, ethyl acrylate, ethyl

methacrylate, propyl acrylate, propyl methacrylate, butyl

This Sheet Has Been Replaced




-4 present invention. The first is that .it have a high refractive index,
that“is, an index at 20[err]C and a mavelength of 589.3 nanoneters of at

| east 1.53, and second, that photochromc conpound(s) di spersed in at

| east a portion of the matrix be able to function in a phot ochrom c

manner . The matrix conprises polynmer formed by polynerizing a

pol yneri zabl e conposition conprising at | east one high refractive index

i nparting nmononer. Such nononmers are usyally aromatic conpounds, sulfur

cont ai ni ng conpounds, or aromatic conpounds containing sulfur. The

mononer s acrylate, butyl methacrylate, hexyl acrylate, hexyl

methacrylate, octyl acrylate and octyl methacrylate.
In those instances'where high refractive index polymer

does not function satisfactorily as the matrix in the present
5 invention because the photochromic compound does not function

in a photochromic manner, then by slight reformulation of the

polymerizable composition which was polymerized to produce

such polymer, a satisfactory polymer may be obtained. This-

may be accomplished by including one or more flexibilizing

10 comﬁounds in amounts sufficient so that the photochromic
compound is able to switch between its dark and bleached
states.

One manner of such reformulation is to include one
or more mono or multifunctional flexible monomers in the

15 polymerizable composition. Examples of such monomers include
poly(alkylene glycol) bis((meth)acrylates), the (meth)acrylate
.of monoalkyl ether of poly(alkylene glycol); monoaryl ether of
poly(alkylene glycol) mono({meth)acrylates); vicinally
aliphatic polyurethanes containing terminal bisallyl-,

20 monoallyl/mono(meth)acrylyl, or bis((meth)acrylyl) functional
groups such as described in U.S. 4,994,208, U.S. 5,200,483,
U.S. 5,221,721 and U.S. 5,236,978; poly(diethylene glycol
carbonate) bis(allyl carbonate); polythioether

poly ((meth)acrylate), vinylphenyl terminated polythioether;
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t hensel ves are either well known or can be prepared by procedures well
known in the art. Examplkes of high refractive inf | nparting nonomners

‘i ncl ude: thiophosphate  esters as described in JP 04-249534;

brom nated styrene; chlorinated styrene; divinyl benzene;
i‘sopr openyl benzene; vinyl naphthal ene; isopropenyl naphthal

styrene;

ene,;

bi s(vinylthio) benzene as described in JP 02- 53809; vinyl benzene

t hi ophosphite ester as described in JP -9€4-308597; polythi ol

(meth)acryl ate

as described in JP 03- 11054; vinyl phenyl phosphines as described in U S.
5, 086, 140;, thphembadreilbyl: &hd ofHiRidthaer yhidmscRerg@saces badgeh ms JP

01-115910; polyfunctional thio(meth)acrylates as discl osed -

in JP 01-297242

and EP 03363édcrivesphenab obis{f{ret;hkasbylpies) waedhehboxyl at ed bi sphenol ,

(meth)acrylates such as described in JP 02-151410; S- —

phenylmethyl thio(meth) acrylates such as described in JP 01-

5 115910; ethylenically unsaturated and poly(ethylenically

unsaturated) terminated vicinally aliphatic polyester

thiocarbamates, ethylenically unsaturated and

poly(ethylenically unsaturated) terminated vicinally aliphatic

polyether thiocarbamates; ethylenically unsaturated and

10 poly(ethylenically unsaturated) terminated vicinally aliphatic

polycarbonate thiocarbamates; ethylenically unsaturated and

thiocarbamates having internal combinations of ester,

poly(ethylenically unsaturated) terminated vicinally aliphatic

ether

and/or carbonate functionality; polyfunctional thio (meth)

15 acrylates such as described in JP 01-297242; bisphenol

bis((meth) acrylates) and ethoxylated bisphenol

-bis((meth)acrylates) as described in U.S. 4,306,780,

GB

2,076,836, JP 02-111742, and JP 02-111743; vinylphenyl

terminated polyethers such as described in JP 04-93309 and JP-

20 04-198205; bis((meth)acryloyl) poly(oxyalkylene thiophenol

sulfides such as described in JP 02-247212; (meth)acrylyl

{(thio) carbamates such as described in JP 02-298506;

poly(butylene glycol) bis{{meth) acrylates) such as described

in U.S. 5,183,870; poly(alkylene glycol bis((meth)acrylates) ;
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bls((neth)acrylates) as described in U S 4,306,780, G 2,076,836, JP

02-111742 and JP 02-111723; napht hal enedi ol bls((gﬁgh)acrylates) and

-et hoxyl at ed napht hal enedi ol
bi s((neth)acrylates); aromatic thio(mech)acrylates as described in GB
2,093, 843; allyl naphthal ene carboxyl ate; diallyl naphthal ene

di carboxyl ate; allyl benzoate; bisphenol bis(allyl carbonates) and

et hoxyl at ed bi sphenol bis(allyl carbonates); naphthal enediol bis(allyl
car bonat es) and

10

15

20

polycaprolactone bis{(meth) acrylates; and polycarbonate diol

bis{(meth)acrylates).

Particularly useful multifunctional flexible monomer

'includes poly((meth)acrylate) of alkoxylated polyol containing

at least 9 alkoxy groups. Preferably such flexible monomer
contains at least 12 alkoxy groups. In most cases the alkoxy
groups are ethyleneoxy groups, p;opylgneoxy groups,
butyleneoxy groups, or a mixture of two or more‘thereof. Of
these, ethyleneoxy groups are preferred. In those instances
whefe the alkoxylated pquol has a hydroxyl functionality of
more than two, it is not necessary that all the hydroxyl
groups be converted to (meth)acrylate; however, there should
be, on average, at least two (meth)acrylate groups per
molecule. Bis({(meth)acrylates), tris({meth)acrylates),

tetrakis ( (meth)acrylates), pentakis((meth)acrylates), and

hexakis ( (meth)acrylates) of alkoxylated polyols are

.contemplated. Examples of suitable polyols which can be

alkoxylated include ethylene glycol, 1,3-propane diol,
propylene glycol, 2,3-butanediol, 1,4-butanediol,
2-ethylbutane-1,4-diol, 1,5-pentanediol, 1,5-hexanediol,

1, 6-hexanediol, 1,7-heptanediol, 1,8-octane diol, 1,10-
decanediol, 1,4-cyclohexanediol, 1,4-dimethylolcyclohexane,
2,2-diethylpropane-1,3-diol, diethylene glycol, triethylene

glycol, dipropylene glycol, neopentyl glycol, 3-hydroxy-2,2-
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et hoxyl at ed napht hal enedi ol bis(allyl carbonates); thiocarbamates as
described in U S 4,680,369, US. 4,689,387, US. 57913, 496, U.S
5,021,503, U.S. 5,191,055, U.S. 5,191,061, U.S. 5,194,599, EP 0530757, and
JP 04-117354; vinylbenzene term nated thioethers as described in JP 02-
53763, JP 02-268152, JP 03-157061, JP 04-198205, and JP 04- 93309;

di vi nyl bi phenyl as described in JP 02-113009; dii sopropenyl bi phenyl ;

et hoxyl ated phenol (neth)acrylates; thipdiphenol bis((neth)acrylates);

di mer capt ophenyl sul fide bis((meth)acrylates); bis((meth)acryloyl)

poty(oxyal kg Gaest b n(y;'_hg,u%éwfé, AR FRSALI PRSI dhalR Qoas 247212 -

t hi odi phenyl "sul 1's((meth)acrylates) as™™ described in JP 04-202216;

bi s(vi nyl benzer g} Lhiogt her 1 Yrethangs, 23 desprhbec dhddhy38932¢ane,
erythritol, pentaerythritol, dipentaerxthritol, sorbitcl, and
mannitol. Following alkoxylation, two or more of the

5 available hydroxyl groups may -be converted to (meth)acrylate
groups by methods well known in the art.

Another manner of such reformulation is to include one or
more aromatic ring-containing inert plasticizers.
Examples of such aromatic ring-containing inert

10 plaéticizers include dioctyl phthalate, alkylene oxide
dibenzoate, alkoxylated phenol benzoate, alkoxylated naphthol
benzoate, bis(phenylthio)propane-1,3, bis (phenylthio) alkylene
ether, the reaction product of phenyl chloroformate and
dimercaptan, the reaction product of dimercaptan and phosgene

15 endcapped with phenol, cinnamates, triphenyl.phosphite, tri(2-
ethylhexyl) trimellitate; triisodecyl trimellitate;
.poly{alkylene glycol) dinaphthoate, 2-ethylhexyl diphenyl
phosphate, isodecyl diphenyl phosphate,'and tricresyl
phosphate.

20 Preferably the aromatic ring-containing inert
plasticizer is terminated on at least one end with an aromatic
ring. It is especially preferred that the aromatic ring-
containing inert plasticizer be terminated on at least two

ends with aromatic rings.
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vi ny| benzoyl (pol y)t hi oet her (nmeth) acryl ates; vinylbenzyl term nat ed
(pol y)thioether; dibenzyl fumarate; dibenzyl mal ear VI nﬁmphenoxat hi ne

as “described in EP 0320954; et hyl phenyl vi nyl benzodi oon ais ﬁa Iﬁﬁﬁ
JP 01-156306; ethyl phenyl vinyl benzodithiole as describ 306;
N-substituted benzylthiazoline-2-thione as described in M
vi nyl mer capt obenzoyl t hi ozol e as described in J? 02-265907;
agryloylnercaptobenzothiozole as describéd’in JP
| Often, but not necessarily thg aromatic ripg—?ontaining

inert plasticizer has a refractive index at 20°C and a

wavelength of 589.3 nanometers of at least 1.48. In many

instances the refractive index at 20°Ciand a wavelength of

5 589.3 nanometers is at least 1.50. Preferably, the
refractive index at 20°C and a wavelength of 589.3 nanometers
is at least 1.51.

The following aromatic ring-containing plasticizers
having refractive indices at 20°C and a wavelength at 589.3 nm

10 of at least 1.48 are preferred: poly(ethylene glycol)
dibénzoate, and poly (propylene glycol) dibenzoate, 1,3-
bis (phenylthioc)propane.

Organo pyrocarbonates are optional materials that may be
used to enhance resistance to yellowing of polymerizates.

15 Suitable examples of dialkyl pyrocarbonates that may be used
include: dimethyl pyrocarbonate [CAS 4525-33-1], diethyl
pyrocarbonate [CAS 1609-47-8], diisopropyl pyrocarbonate, di-
n-propyl pyrocarbonate, di-n-butyl pyrocarbonate, di-isobutyl
'pyrocarbonate, di-secondary butyl pyrocarbonate, di-tertiary-

iO butyl pyrocarbonate [CAS 24424-99-5], diamyl pyrocarbonate,
di-tertiary-amyl pyrocarbonate [CAS 68835-89-2], dihexyl
pyrocarbonate, diheptyl pyrocarbonate, di-2-ethylhexyl
pyrocarbonate, dinonyl pyrocarbonate, didecyl pyrocarbonate
and didodécyl pyrocarbonate. Examples of dicycloalkyl

25 pyrocarbonates include dicyclohexyl pyrocarbonate and

dicyclooctyl pyrocarbonate. BAn example of a

bis (cycloalkylalkyl) pyrocarbonate is di-4-tertiary butyl



02-265907; di benozfuranyl (neth)acrylate as described in JP 03-017107;
vinyl benzyl thioether thio(meth)acrylates as described in JP 03-296508;
tri-(styrylmethyl)thiocyanurate as described in JP 03; 1456Qi; Been Replaced

(meth)acryl oyl (thio)carbamates as described in JP 02"

di hydr oxybenzene bis((neth)acryl ates) and et hoxyl at ed ﬁ&g& ene
bi s((nmeth)acryl ates); dihydroxybenzene bis(allyl carbo

et hoxyl at ed di hydr oxybenzene bis(allyl~ é&arbonates). One high

refractive index inparting nonomer or a mxture of two or nore such

NDNOMEr s MayBE-nSErH &3 dRekbEHate. Econbh€choly QeT@dtieghakef ractive index
I nparting nohoners  are preferred: bisphenol” A bis((neth)acryl ate),

et hoxyl at eddiléSiyE NS rAaddibshb BBt idcdidtalye) pgoodathtinagef. r ofhgr aadwst t han 0
to 10 et hyl eneoxy (EO groups, phenoxyethyl (meth)acrylate, thiodiphenol
bi s( (met h) acEybag®)ic Sipoeaebohate | imsiiporatydeimto the polymerizable
composition may vary. When used, only'that amount which is
5 sufficient to enhance the resistance to yellowing from
externally applied heat to polymerizates prepared from such
compositions is required. Such amount may be referred to as
a heat-stabilizing amount and will usually be in the range of
from about 0.05 to about 0.5 percent by weight of the
10 polymerizable composition. In many instances the amount of
orgahic pyrocarbonate is in the range of from about 0.05 to
about 0.4 weight percent. From about 0.1 to about 0.3 weight
percent is preferred: The organic pyrocarbonate is
incorporated into the polymerizable liquid composition by
15 admixing the selected amount with mild agitation until the
pyrocarbonate is dissolved in the polymefizable composition.
Triphenyl phosphite [CAS 101-02-0] is another optional
material that may be used to enhance resistance to yellowing.
‘When used, the amount of triphenyl phosphite present in the
20 polymerizable éomposition of the invention may also vary.
Only that amount which is sufficient to further enhance the
resistance to yellowing from externally applied heat to
polymerizates prepared from such compositions is required.
Such amount may be referred to as a further heat-stabilizing
25 amount and will usually be in the range of from about 0.05 to
about 0.5 percent by weight of the polymerizable composition.

Often the amount of triphenyl phosphite is in the range of



di vi nyl benzene, di‘i sopropenyl benzene, diallyl phthalate and -bisphenol A

bi s(al lyl carbonate). Y The diallyl phthal ate na%.% di al |yl
o-phthalate, diallyl mphthalate, diallyl p-phthalate) g =5 pleced
thereof. In nost, but not all, instances the diallyl H titutes
fromO to 40 percent by weight of the total nononer ofl i I on.

Oten the diallyl phthalate constitutes fromO to 25 percent by wei ght of
the total nononmer of the conposition.‘ﬂﬁoﬁlo to 10 percent by weight is

preferred.
from about 0.05 to about 0.4 weight percent. From about 0.1
to about 0.3 weight percent by weight is preferred. ?he
triphenyl phosphite is incorporated into the polymerizable
liquid composition of the invention byiadmixing the selected

5 amount with mild agitation until the triphenyl phosphite is
dissolved in the polymerizable compositiog.

Other optional materials may also be present in the
polymerizable composition. Examples of such optional
materials include mold release agents, static (non-

10 photochromic) dyes, pigments, polymerization inhibitors to
proﬁote stability during storage, and ultraviolet light
absorbers (other than the photochromic compounds),
antioxidants, and ultraviolet light stabilizers.

The listing of optional ingredients discussed above is

15 by no means exhaustive. These and other ingredients may be
employed in their customary amounts for their qustomary
purposes so long as they do not seriously interfere with good
polymer formulating practice. The polymerizable composition

-may be homogeneous or heterogeneous, but usually it is

20 homogeneous.

Polymerization of the polymerizable composition may be
accomplished by adding to the composition an initiating
amount of material capable of generating free radicals, such
as organic peroxy initiators or organic azo-nitrile

25 initiators, and heating. Methods for polymerizing

polymerizable compositions are well known to the skilled

artisan and any of those well known techniques may be used to



_

di al
t ot al

nononer of the conposition. From1l to 10 perce

preferred.
I ndex to the matrix may optionally be _present in the polynerlzable

conposi tion.
di acryl ates and di net hacryl ates of ethylene glycol, |, 3-propane diol,

\Wen diallyl phthalate is used it usually constitutes fromO.1
percent by weight of the™otal nononmer of the conpOSItl
yl phthal ate constitutes fromO0.5 to 25 percent“E“I H“%Lé] p&%g

One or nore nmononers which do not inp

There are nmany such nononer 3. Exanpl es i ncl ude the

propyl ene gbytoherz8-thhuirapeddsatibddg pobutmanezatila composition.

2-ethyl butane-1,4-diol, 1,5- pentane diol, I, 6-hexane diol; 1,7-heptane
1, 8- 06Uaneb1e examples of organic initiators include:

di ol ,

10

15

20

25

peroxymonocarbonate esters, such as tertiarybutylperoxy
isopropyl carbonate; peroxydicarbonateiesters, such as di(2-
ethylhexyly peroxydicarbonate, di(secondary butyl)
peroxydicarbonate and diisopropyl peroxydicarbonate;
diacylperoxides, such as 2,4-dichlorobenzoyl peroxide,
isobutyryl peroxide, decanoyl peroxide, lauroyl peroxide,
propionyl peroxide, acetyl peroxide, benzoyl peroxide, p-
chlorobenzoyl peroxide; peroxyesters such as t-butylperoxy
pivaiate, t-butylperoxy octylate, and t-
butylperoxyisobutyrate; methylethylketone peroxide,
acetylcyclohexane sulfonyl peroxide, and

azobis (isobutyronitrile). Preferred initiators are those

that do not discolor the resulting polymerizate, such as

diisopropyl peroxydicarbonate.

The amount of initiator used to initiate and polymerize

the polymerizable composition may vary and will depend on the

particular initiator used, the make-up of the composition,

e.g., the amount and type of ethylenically unsatura;ed
group (s) present, and the degree of cure. Only that amount
that is required to initiate and sustain the polymerization
reaction is required, i.e., an initiating amount. The
surface of the cured matrix should not be so hard that, in
one embodiment, imbibition of photochromic substances into

the matrix by immersion or thermal transfer is inhibited or

to 40

il



di ol , ‘1, 10-decane diol. 1,4-cycl ohexane diol, 1,4- dinethylolcyclohexane,
2, 2-di ethyl propane- 1, 3-drol, diethylene glycol. trigthylene glycol,

di propyl ene glycol, neopentyl glycol; the triacryl ates, trlnethacrylates
diiacrylates and dinethacrylates of glycerol, 1,1,1-trimethylol propane and
trimethyl ol ethane; and the tetraacryl ates, tetranethacrylates,
triacrylates, trinethacrylates, diacrylates, and dinethacryl ates of
erynhritol. Exanples of such monof unctPonal monomers t hat may be present
may include nethyl acrylate, methyl nethacrylate, ethyl acrylate, ethyl

met hacryl at 8rePEREYY ACTHARt Bet REQRYE iRLRBGENE B, tHiPHotochromic
substance is used.
Photochromic compound, whether a single photochromic
compound or a mixture of photochromic éompounds, may be
5 imbibed into a surface of a matrix polymer after the polymer
is formed or it may be included as a component of the |
polymerizable composition prior to polymer formaﬁion. If
included as a component of the polymerizable composition,
then the initiator shouid be chosen so that it will not
10 destroy the photochromic compound. In such instances, the
initiator is usually an organic azo-nitrile initiator or a
peroxy initiator.
Photochromic compounds that may be utilized to prepare
photochromic articles of the present invention, such as those
15 heretofore described, are organic photochromic compounds or
substanées containing same that may be incorporated, e.g.,
dissolved or dispersed) in the organic synthetic host
material used to prepare the photochromic articles. Many of
‘such compounds are described in the open literature. For
20 example, spiro(indolino)naphthoxazines have been described,
among others, in U.S. Patent Nos. 3,562,172, 3,578,602,
4,215,010 and 4,342,668. Spiro(indolino)naphthoxazines
having certain substituents on the 8' and 9' positions of the
naphthoxazine portion of the molecule are the subject of co-
25 pending U.S. Patent Application Serial No. 07/993,587, filed
December 21, 1992. Spiro(indolino)pyridobenzoxazines are

described in U.S. Patent 4,637,698.
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acrylate, butyl nethacrylate, hexyl acrvlate, hexyl nethacrylate, octyl
acryl-ate and octyl nethacrylate I n those |nsfamces wher e high
refractive index ‘poTymer ¢ does not function satisfactori ils &ﬁhe&ﬁﬁR&MQ%J n
the present invention because the photochrom c conpound 4 on
I n a photochrom ¢ manner, then by slight refornulation of ] ﬂy

pol yneri zabl e conposition which was pol ynerized to produce suc
satisfactory polymer nay be obtained. Thié-- nmay be acconplished by

i ncluding one or nore flexibilizing conpounds in ambunts sufficient so

that the phogoeht . GRTRANNGY ) fallehi-bRas thtSthket ween its dark and

bl eached

spiro (benzindolino)naphthoxazines are described in U.S.
Patent 4,931,219. Spiro(benzindolino)paphthopyrans are
described in Japanese patent publication 62/195383.

5 Spiro({indolino)benzoxazines are described in U.S. Patent
4,816,584. Spiro(indolino)benzopyrans,
spiro (indolino)naphthopyrans and spiro(indolino)quinopyrans
are described, for example, in U.S. 4,880,667.
Spiro(indolino)pyrans are also described in the text,

10 Techniques of Chemistry, Volume III, "Photochromism", Chapter
3, dlenn H. Brown, Editor, John Wiley and Sons, Inc. New York
1871.

Photochromic organo-metal dithizonates, i.e.,
(arylazo)thioformic arylhydrazidates, e.g., mercury

15 dithizonates, are described in, for example, U.S. Patent
3,361,706. Fulgides and fulgimides, e.g., the 3-furyl and 3-
thienyl fulgides and fulgimides are described in U.S. Patent
4,220,708. 3-pyrrol fulgides and fulgimides are described in
'U.S. Patent 2,170,202. Spiro{(di)hydroindolizines are

26 described, for example, in U.S. patent 4,931,220 at column
20, line 65 through column 21, line 38.

Certain chromenes, i.e., benzopyrans and naphthopyrans,
are described in U. S. Patents 3,567,605; 4,826,977 and
5,066,818. Naphthopyran compounds having certain

25 suﬁstituents at the number 8 carbon atom and certain
substituents at the number 7 or qumber 9 carbon atom, all

substituents being on the naphtho portion of the



states: " Cne manner of such refornulation is to include one ar
nmore nono or multifunctidnal flexible nononers in th®y polynerizabl e
conposi tion. Exanples of sSuch nononers include pon(%Ikerne gl ycol)

bi s((nmeth)acrylates), the (neth)acrylate .of nonoal kyl ether of

pol y(al kyl ene gl ycol); nonoaryl ether of poly(al kylene glycol)

nmono( (neth)acrylates); vicinally aliphatic polyurethanes contai ning
termnal bisallyl-, nonoallyl/nmono(nmethl8crylyl, or bis((meth)acrylyl)
functional groups such as described in U S. 4,994,208, U S. 5,200,433,

U.S. 5,221, 733pBRod3in ,5 2236 ¢ B Bsuppd K Q:ifet::t}oyﬁ@ﬁ@i ¥£@. paaeRonate)
bi s(allyl carbonate); polythioether =~ poly((neth)acryl ate), vinylphenyl
term nated peabpthtoeidierserial No. 08/080,246, filed June 21, 1993.
Naphthopyrans substituted at the 3 position of the pyran ring
with (i) an aryl substituent and (ii)ia phenyl substitugnt
5 having a 5- or 6- member heterocyclic ring fused at the
number 3 and 4 carbon atoms of the phenyl substituent are the
subject of co-pending U.S. Patent Application Serial No.
08/080,250 filed June 21, 1993. Naphthopyran compounds
substituted at the number 8 carbon atom on the naphtho
10 portion of the naphthopyran ring with, for example, a methoxy
groﬁp are the subject of U.S. Patent 5,238,981. Naphthopyran
compounds, examples of which are 3-aryl-3-arylalkenyl

naphthopyrans are the subject of co-pending U.S. Patent

5,274,132. Certain benzopyran compounds, such as those

15 substituted at the 2 position of the pyran ring with at least
one ortho-substituted phenyl and which have a substituted or
unsubstituted heterocyclic ring, such as benzothieno or

. benzofurano ring, fused to the benz portion of the benzopyran

20 are the subject of co-pending U.S. Patent Application Serial

No. 08/030,932, filed March 12, 1993.

The disclosures of such photochromic compounds in the
aforedescribed patents and patent applications are
incorporated herein, in toto, by reference. The photochromic

25 articles of the present invention may contain one

photochromic compound or a mixture of photochromic compounds,
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-9- t-hi ocarbamat es: and thi oet her thionethacrylates such.as described
JP 03-127771; ethoxyl atedurethane (neth)acrylates such as descri bed i n JP

02-151410; S- phenyl net hyI thio(meth) acryl ates sucfhnmxeedemek.
01- 115910;

_ , ethylenically unsaturated and pol y(et hyI ur at ed)
termnated vicinally aliphatic polyester thiocar bama ﬂum Eal ly

unsat ur at ed
al i phatic

10

15

20

25

and poly(ethyl enically unsaturated) term na

pol yet her thiocarbanmates: eth énically unsaturated and

as desired. Mixtures of photochrom?c compounds may be used
to attain certain activated colors.

The amount of photochromic compound or composition-
containing the same incorporated into Lhe matrix is not
critical provided that a sufficient amount is used to produce
a photochromic effect discernible to the naked eye.

Generally such amount can be described as a photochromic
amount. The particular amount used deperids often upon the
intensity of color desired upon irradiation thereof and upoh
the method used to incorporate the photochromic compounds.
Typiéally the more photochromic compound incorpora;ed, the
greater is the color intensity.

Generally, the amount of each photochromic substance
incorporated into the matrix may range from about 0.01 or
0.05 to about 10 to 20 percent by weight. More typically,
the amount of photochromic substance(s) incorporated inﬁo the
matrix will range from about 0.01 to about 2 weight percent,

more particularly, from about 0.01 to about 1 weight percent,

‘e.g., from about 0.1 or 0.5 to about 1 weight percent, based

on the weight of the matrix. Expressed differently, the
total amount of photochromic substance incorporated into an
optical matrix may range from about 0.15 to about 0.35
milligrams per square centimeter of surface to which the
photochromic substance(s) is incorporated.

The high refractive photochromic organic ophthalmic
article of the present invention has a refractive index at 20°

C and a wavelength of 589.3 nanometers of at least 1.53.



pol y(ethyl enically unsaturated) term nated vicinally aliphatic
pol ycar bonat e t hi ocarbamat es; ethylenically unsatur’?ed and
pol-y(ethyl eni cal [y unsaturated) term nated vicinally~aliphatic
t hi ocar bamat es havi ng internal conbinations of ester, ether and/or
carbonate functionality; polyfunctional t hi o( met h) acrylates such as
described in JP 01-297242; bi sphenol ﬁ(gneth) acryl ates) and et hoxyl at ed
bi sphenol bls((neth)acrylates) as desc? bed in U S. 4,306,780, GB
2,076,836, JP 02-111742, and JP 02-111743; vinyl phenyl term nated
pol yet hers $umbna8h665§£féﬁﬂiﬁeniﬂ@eﬁ4n&ﬁﬁﬂ&h&ndadELcoﬁw&&ﬂﬂﬁﬂas at
bi s((nmet h)acryl oyl) pol y(oxyal kyl ene thi ophenol sulfides such as descri bed
in JP 02- 247282t -(neth) abx ylaply cabhsp) tieamedmmtresveutiders wekar thed in JP
02-298506; pol y(butyl ene glycol) bis((nmeth) acrylates) such as descri bed
same conditions is at least 1.55. Even higher refractive
indices, such as at least 1.56, at least 1.6, or at least
5 1.66, are preferred.
In many, but not all cases, the high refractive index
photochromic ophthalmic article has a bleach transmission,
that is, a luminous transmission of at least 40 percent.
Often the bleach transmission is at least 70 percent.
10 Preferably the bleach transmission is at least 80 percent.
The high refractive index photochromic ophthalmic
articles usually, but not necessarily also have a heat
distortion temperature of at least 35°C. Preferably the heat
distortion temperature is at least 40°C. As used in the
15 present specification and claims, heat distortion temperature
is determined in accordance with ASTM D 648-86.
As used in the present specification and claims 0-second
Barcol hardness and 15-second Barcel hardness are determined
"in accordance with ASTM-D 2583-81 using a Barcol Impressor
20 and taking scale readings immediately after and 15 seconds
after the impressor point has penetrated the specimen.
The invention is further described in conjunction with .
the following examples which are to be considered to be
illustrative rather than limiting, and in which all parts are
25 parts by weight and all percentages are percentages by weight

unless otherwise specified.
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in QS 5,183, 870; pol y(al kyl ene glycol) bis((meth)acryl ates)

pol ycapr ol act one (bls(neth) acryl ates; and pol ycar béfat e di ol

bi s((net h)acryl ates). Particul arly useful mul tifuncti onal flexible
nmononer i ncludes poly((neth)acrylate) of al koxyl ated polyol containing at
| east 9 al koxy groups. Preferably such flexible nonomer contains at |east
12 al koxy groups. In.npbst cases the aquﬁy_

In each Example, an initiated polymerizable composition

was prepared by thoroughly admixing all basic ingredients to
form an uninitiated polymerizable composition and then
thoroughly admixing initiator with the;uninitiated

5 polymeriéable composition. The identities of the ingredients

and their amounts are shown in Table 2.

PLE

In the Examples which follow, many of the materials are

10
abbreviated as shown in Table 1.
Table 1
Abbreviation Material
15 BPA DAC - Bisphenol A bis(allyl carbonate).
TBBPA 2EO DAC Ethoxylated tetrabromobisphenol A
bis{allyl carbonate) containing 2 EO
units.
20
BPA 2.5EO0 DMA Ethoxylated bisphenol A
bis(methacrylate) containing 2.5 EO
units.
25 BPA 10EO DMA Ethoxylated bisphenol A

bis{methacrylate) containing 10 EO

units.
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groups are ethyl eneoxy groups, propyleneoxy groups,
t hese et hyl en:
preferred. In those instances where the al koxyl ate

a mxture of two or nnré"jhereof. O

but yl eneoxy groups, or
y groups are
pol yol has a hydroxyl

functionality of nore than two, it is not necessary that all the hydroxyl

‘groups be converted to (neth)acryl ate;

however,

average, at least two (neth)acrylate gra
Bi s((meth)acrylates), tris((meth)acrylat
pent aki s((nmeth)acryl ates), and hexakls((neth)acrylates) of al koxyl at ed
pol yol s are contenal ated. Exanples of suitable polyols which can be

al koxyl ated i nclude et hyl ene gl ycofrable 3t preyane di ol ,

2, 3-butanediol, 1,4-butanediol, 2-ethylbutane-I|, 4-diol,

there should be, on

ps per nol ecul e.
tetraki s((neth)acryl ates),

pr opyl ene gl ycol,
1, 5- pent anedi ol ,

1, 5- hexanediol, 1, 6-hexanediol, 1,7-heptanediol, 1,8-octane diol, 1,10-
PEG 600 DMA Poly(ethylene glycol) of molecular
5 weight 600 methacrylate-terminated at
' both ends.
MOPEG 1000 MMA Poly(ethylene glycol) of molecular

weight 1000 terminated at one end by a

10 methoxy group and at the other end by a

methacrylate group;

UR-1 (Acrylate/allyl carbamate)-terminated

polyurethane made as stated in Example
15 2 of U.S.

5,200,483 except that PHEMA

was substituted for diethylene glycol .

_ bis(allyl carbonate) .

UR-2 {Acrylate/allyl carbamate)-terminated

20 polyurethane made similarly to UR-1 but

butanediol was added first then the
blend of allyl alcochol and 2-

hydroxyethyl acrylate was added.

25 - UR-3 {Acrylate/allyl carbamate)-terminated

polyurethane made by the method

described in Example 2 of US 5,200,483

except that meta-o,o,o',o

tetramethylxylene diisocyanate was used

30 in place of isophorone diisocyanate and

decaethoxylated bisphenol A was used in

place of 530 molecular weight

poly{carprolactone)diol.

This Sheet Has Been Replaced




decanedlol 1, 4- cycl ohexanedi ol , 1, 4-di net hyl ol cycl ohexane,

2, 2- dlethylpropane 1, 3- df§ , dlethylene gl ycol trléfyylene gl ycol ,
dlpropylene gl ycol, neopentyl glycol, 3- hydroxy 2, 2-

di et hyl pr opyl 3-hydroxy-2,2-dinethylproplonate [CAS 1115-20- 4],
glycerol, 1, 1,1-trimethylol propane, trinethylol ethane, erythritol,
pentaerythritol, dipentaerythritol, so;b&gqj, and nmannitol. Follow ng
al koxyl ation, two or nore of the

Table 1 (cont.)

UR-4 Methacrylate-terminated made as
5 _ described in Example 2 of US 5,200,483
' ' except that 2-hydroxylethyl
methacrylate was substituted for both

allyl alcohol and 2-hydroxyethyl

acrylate.
10
TMP 15EO TA Ethoxylated trimethylolpropane
tris (acrylate) containing 15 EO units.
DIPEB 1,3-Diisopropenyl benzene.
15
DAIP Diallyl isophthalate.
- PHEMA 2-Phenoxyethyl methacrylate.
20 TDPDMA 4,4'-Thiodiphenol dimethacrylate.
AMS a-Methylstyrene.
ATA a-Terpinyl acetate.
25
CH Cyclohexene
DEG DAC Diethylene glycol bis{allyl carbonate).
30 DEG DAC MIX A mixture of 60% diethylene glycol
bis(allyl carbonate) and 40%
poly(diethylene glycol carbonate)
bis(allyl carbonate) .
35 PGDB Propylene glycol dibenzoate.
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avail abl e hydroxyl" groups may be converted to (meth)acrylate groups by
met hods well known in théyart: Anot her manner “8f such refornul ation
is-to include one or nore aromatic ring-containing i'nert pl asti ci zers.
Exanpl es of such aromatic ring-containing inert plasticizers include

di octyl phthal ate, al kyl ene oxide di benzoate, al koxyl ated phenol benzoate,
al koxyl at ed napht hol benzoate, bis(pohenylthio)propane-1, 3,

bi s(phenyl thi o) al kyl ene ether, the redétion product of phenyl

chl oroformate and dinercaptan, the reaction product of dinercaptan and
phosgene endcapped with phenol, cinnamates, triphenyl phosphite, tri(2-
ethyl hexyl) trinellitate; triisodgaphettit@bitidate; poly(alkylene glycol)
di napht hoat e, 2-ethyl hexyl di phenyl phosphate, isodecyl diphenyl
phosphate, and tricresyl phosphate.

PEG 200 DB Poly{ethylene glycol) of molecular
5 weight 200 benzoate-terminated at both
' ends.
CLN 1-Chloronaphthalene.
10 BPTP - 1,3-Bis (phenylthio) propane.
TPP Triphenyl phosphite.
DEPC Diethyl pyrocarbonate.

15

HMBP 2-Hydroxy-4-methoxybenzophenone.
- IPP Diisopropyl peroxy dicarbonate.

20 BIPC tert-Butylperoxy isopropyl carbonate.
TBEC tert-Butylperoxy 2-ethylhexyl carbonate
pC 3-(2,4-dimethoxy) phenyl-3-(4-

-1
25 . methoxy) phenyl—BH-naphtho[z,l—b]
pyran.
PC-2 3(2—f1uorophenyl)—3(4-methoxyphenyl)—8—
methoxy-9-carbomethoxy-3H-naphtho[2,1-

30 blpyran.

PC-3 1,3,3,4,5 (and 1,3,3,5,6)-pentamethyl-

9'-methoxycarbonyl-8'~acetoxy-
spirolindoline-2,3 '~ [3H]lnaphth{2,1,b]-

35 } [1,4) oxazine].
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Preferably the aromatic r|ng containing inert plasticizer is termnated on
at l'east one end with an~aromatic ring. It is espeEFaIIy preferred that

the aromatic ring- contalnlng inert plasticizer be term nated on at |east
two ends with aromatic rings. - 12

- O'ten, but not necessarily the aromatic ring-containing inert -
pl asticizer has a refractive index at Zgge[r]c and a

Table 1 (cont.) -

PC-4 1,3-dihydro-3,3,4,5 (and 3,3,5,6)-tetra-
5 methyl-1-propyl-spiro[2H-indole-2,3’ -

[3H] pyrido{3,2-£f}(1,4)benzoxazine] .

PC-5 1,3-dihydro-3,3-dimethyl-5-methoxy-1-
propyl-spiro[2H-indole-2,3"'-
10 ' [3H] pyrido{3,2-£f} (1, 4) benzoxazine] .
PC-6 3 (2-fluorophenyl) -3 (4-methoxyphenyl) -8~

methoxy-3H-naphtho (2, 1-b]lpyran.

15 ED N- (2-ethoxyphenyl) N'-(2-ethylphenyl)
ethanediamide.
- PD Ris(1,2,2,6,6-pentamethyl-4-piperdinyl)
(3,5-di-tert-butyl-4-hydroxybenzyl)
20 butyl propanedioate [CAS 63843-89-0].
FRD Sandox Forone Rubine S-2GFL dye C.I.

Disperse Red 167:1.

25 -FAC Mixture of 90% fluorinated alkyl
alkoxylates [CAS 68958-61-2] and 10%
fluorinated alkyl sulfonate [CAS 4151-
50-2]. (3M FC-171)
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wavel engt h of 589.'3 nanoneters of at least 1.48. In many instances the
refractive index at 20[err]C and a wavel ength of 58% 3 nanoneters is at

| east 1.50. Preferably,” the refractive index at 20[err]C and a wavel engt h
of 589.3 nanoneters is at |east 1.51. The followi ng aromatic
ring-containing plasticizers having refractive indices at 20[err]C and a
wavel ength at 589.3 nm of at |least 1.48 are preferred: poly(ethylene

gl ycol) dibenzoate, and pol y(propyl ene glgycol ) di benzoate, 1, 3- -
bi s( phenyl t hi o) pr opane. Organo pyrocarbonates are optional materials
that may be used to enhance resistanceg,gi¥ebl owi ng of pol ynerizates.

Sui t abl e exanpl es of dial kyl py; p hbsiBYohe used include:

di met hyl pyrocarbonate [ CAS 452é % i di et hyl  pyrocarbonate [ CAS

1609-47-8], diLsopLopyl pykocarbpnate, di-,4 5 5 7 8 9
5 Basic Ingredients, ——

Parts !
BPA DAC 0 0 0 59.71

0 ] 0 0

TBBPA 2EO DAC O 0 0 11.50 0 0] 0]

o

BPA 2.5EOC DMA 42.0 42.9 50.0 0 25 70.84 77

.Y
W
n

10 BPA 10EO DMA 3.0

PEG 600 DMA 20.0

0

0

0

0 o 0 0

6 50 0 0 2
MOPEG 1000 MMA O 0 21.16 23
UR-1 0

UR-2 .83

o O o o o

15 UR-3

o b O O O O W

UR-4

o}
o0}
\0

TMP 15EO TA 14.9

’

o 0o O ® O 0 O 0O O o o o © o o o o o o o

DIPEB
DAIP .56 64.0
20 PHEMA 2

TDPDMA

AMS

ATA .50

CH .60

N O O O o o

25 DEG DAC

DEG DAC MIX 10.0

PGDB 10.00

o O O O O O w o o o W o

PEG 200 DB
CLN

[l
[
o

o O o

30 BPTP

o
o
[\V]
o o o [o0] Qo o o o o O (@] Q o 6 O o o © o o H (=]
. . "

o o O O O O o 0o 0o o0 0o 0O 0o o o o o o o

TPP

W

0.10

OOOO(‘DOOOOOOOOOO’\OOOO
(@}

DEPC 0.20 0.3 0 .15

o o O o o o6 o o o o o o o

o

o O © O
N

o O

o O

HMBP

o

0.0075 O 0

This Sheet Has Been Replace

R




n- propyl pyrocarbonate, di-n-butyl pyrocarbonate, di-isobutyl

pyrocar bonate, di-secondaty butyl pyrocarbonate, di-tertiary- butyl
pyrocar bonat e [ CAS 24424-99-5], dianyl pyrocarbonate;ﬁ di-tertiary-anyl
pyrocar bonat e [ CAS 68835-89-2], dihexyl pyrocarbonate, diheptyl
pyrocar bonat e, di-2-ethyl hexyl pyrocarbonate, dinonyl pyrocarbonate,
di decyl pyrocarbonate and di dodecyl pyrocarbonate. Exanples of

di cycl oal kyl pyrocarbonates include dicgglohexyl pyrocarbonate and

di cycl ooctyl pyrocarbonate. An exanple of a bis(cycloal kyl al kyl)

pyrocarbonate is di-4-tertiary butylapie 2 (cont.)

Example 1 2 3 4 5 6 _1 8
Initiator,
5 Parts : —
IPP 1.5 0.75 0.3 3 2.25 0 0 0.04 1.
BIPC 0.5 0 0.1 0 0 0.5 0.4 0 0
TBEC 0 0.25 0 0] 0] 0 0 o 0.
10 A portion of each initiated polymerizable composition was

poured into one or more flat sheet molds having the dimensions

shown in Table 3.

Table
15 ' Mold dimensions
Example 1. 2 3 4 5 6 7 8 S
Mold dimensions, mm
152.4 X 304.8 X 3.17 X X X X X X X
20 152.4 X 152.4 X 6.35 X X
152.4 X 152.4 X 3.17
152.4 X 175 X 3.17 X

A portion of the initiated polymerizable composition of Example 5

25 was poured into a 6-base plano lens mold.
The molds were placed in an air oven and the initiated
polymerizable compositions were cured using one of the cure

cycles shown in Table 4.
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13 .cycl ohexyl pyrocarbonate. Economically preferred are dinmethyl

pyrocar bonat e and di et hyl Ypyrocarbonate. The anmbunt~=yof organic :
pyrocarbonate incorporated into the polynerizable cofrposition may vary.
When used, only that anobunt which is sufficient to enhance the resistance
to yellowing from externally applied heat to polynerizates prepared from
such conpositions is required. Such anobunt may be referred to as a

heat -stabi |l i zing anount and will usually_bg_ in the range of from about
0.05 to about 0.5 percent by weight of the polynerizable conposition. In

many i nstances the anmount of organi c pyfgeal honate is in the range of from
&!gééﬁg

about 0.05 to about 0.4 weight perceng,, out 0.1 to about 0.3 weight
N re. } .
m iv. r Oven Temperature °C
5 0 ; 34 -
24 36
32 44
34 46
36 48
10 38 50
40 54
42 58
44 64
46 69
15 48 85
49 105
49.5 : 130
) 50.5 _ 130 (End of cycie)
20 ' Cure Cyvcle B
Cumulative Hours Oven Temperature °C
0 35
~16 35
24 44
25 26 a6
28 48
30 50
32 54
34 58
30 36 64
38 69
40 85
41 105
42 " This Sheet Has Been Replace 125 (End of cycle)
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percent is preferred: The organic pyrocarbonate is incorporated into the
pol yneri zabl e |iquid conposition by adm xing the séﬁpcted amount with mld
agi-tation until the pyrocarbonate is dissolved in tHe polynerizable
conposi tion. Tri phenyl phosphite [CAS 101-02-0] is another optional
material that may be used to enhance resistance to yellow ng. Wen used,
the anount of triphenyl phosphite present in the polynerizable conposition
of the invention may also vary. Only thag-anmount which is sufficient to
further enhance the resistance to yellow ng fron1externa||y appl i ed heat
to polynerizates prepared from suc i ns is required. Such anount
may be referiﬁﬁhﬁ%&%ﬁé_ﬁgﬁ%éther heat - Stabl|I2tﬂgmhiéaﬁ£&a%ﬂgLEt|| usual l'y
be in the range g rom about O. 05 to about 0.5 perggnt by weight of the

pol ymeri zabl e conp05|t|on

46 _

5 4 ‘ 48
6 50
8 54
10 58
12 64
10 14 | 69
16 85
17 105
17.5 130

18 130 (End of cycle)

15
i Cure Cycle D
. m ive Hour ven T re °

0 44
2 46
20 4 48
6 50
8 54
10 58
12 64
T 25 14 69
16 85

17 105 (End of cycle)
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Oten.the anount of triphenyl
- 14 - from about 0.05“}0 about 0.4 wei ght percent

phosphite is in the range of

"3 From about 0.1 to

about 0.3 wei ght percent by weight is preferred. The " triphenyl phosphite

is incorporated into the polynerizable

i quid conposition of the invention

by adm xing the selected anobunt with mld agitation until the triphenyl

phosphite is

optional materials may al so be present i4sa-he

10

15

20

25

30

di ssolved in the polynerizable conposition. O her

ur 1. D
Cumulative Hours ' Oven Temperature °C
0] 90 .
5.5 92
10. 96
11.5 99
13.5 101
15 107
16.5 112
17 120
17.5 125
21.5 125 (End of cycle)

The cure cycle used in each Example is

shown in Table 5.

Table 5
Example 1 2 3 4 5 6 7 8 9
Cure cycle A B C D D E E D A

The polymerizates were allowed to cool

in the oven to about

80°C and then they were removed and demolded. The 3.17 mm

thick polymerizates of Examples 1, 2, 3, and 9 were cut into

ten 50.8 mm x 50.8 mm squares and 12.7

mm x 120.6 mm bars.

The 3.17 mm thick bolymerizates of Examples 4 and 5 were cut

into 12.7 mm and 120.6 mm bars. The 3.

17 mm thick

polymerizates of Examples 6, 7 and 8 were cut into 40 mm x 40

mm squares and 12.7 mm x 120.6 mm bars.

polymerizate of Example 1 was cut into
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pol yperi zabl e conposition. Exanples of such optional materials include
mol d rel ease agents, static (non- photochrom c) dy€d, pignents,
pol-ymerization inhibitors to pronote stability during storage, and
ultraviolet light absorbers (other than the photochrom c conpounds),
antioxidants, and ultraviolet Iight stabilizers. The listing of
optional ingredients discussed above is by no neans exhaustive. These and
ot her ingredients may be enployed in thghr customary' amounts for their
customary purposes so long as they do not seriously interfere with good

pol ymer formyi af ihg QLAGLLCe. 1 ]Dg Rl YBEh ZADI R 1GREPOSALE O HBAmBEes
honogeneous or heterogeneous, but usually it ‘i's “honbgeneous.

Pol ymeri zati gn,0f d RR ROLYFELIZRRl5 €8TROSI 44 QN JHRY-BS.

Bars were used for determining hegt distortion
temperature (HDT) at 0.25 mm deflection in accordance with
5 ASTM D 648-86. Either total deflection (TD) at 130°C or
alternately the temperature at which the bar was totally
deflected (in the range of from 2.54 mm to 2.72 mm) was
determined by continuing the test in accordance with ASTM D
648.86. Bars were also used for determination of refractive
10 indéx and density. The results are shown in Table 6.
Table 6

Physical Properties of Polymerizates
Example 1 2 -3 4 5 o) 7 8 9

15 Refractive

Index,n?%D 1.555 1.557 1.578 1.561 1.547 1.546 1.560 1.552 1.556

Density @

21°C g/mL  1.201 1.194 1.191 1.254 Np1 1.226 1.199 1.199 1.202

20

"Barcol

Hardness

O-second 11 27 23 18 ND 15 0 11 10

15-second 5 23 19 11 29 13 0 9 4
25

HDT, °C 46 52 55 38.5 66 >130 52 61 56

TD, mm 2.13 1.57 2.54 2.67 0.84 0.13 1.42 2.44 1.83

@130°C @130°C @96°C @54°C é130°C @130°C @130°C @130°C @130°C

30

1ND=Not Determined
This Sheet Has Been Repiaced




acconpl i shed by adding to the conposition an initiating anount of material
capable of generating free radicals, such as organr& peroxy initiators or
‘organi ¢ azo-nitrile initiators, and heating. Methods for polymerizing

pol yneri zabl e conpositions are wel | known to the skilled artisan and any
of those well known techniques may berused to pol yneri ze the
af oredescri bed pol yneri zabl e conposition. Suitable exanples of organic

initiators include: 3o

Photochromic resin solutions (PRS) were prepared by
thoroughly admixing the various ingredients. The identities of

the ingredients and their amounts were shown in Table 7.

5
Table 7
PRS-1
Toluene 85.5 parts
10 Ethyl Cellulose 9.5
PC-1 5
PRS-2
15 Toluene 85.5 parts
- Ethyl Cellulose 9.5
PC-2 5
PRS-1
20
Toluene 85.5 parts
Ethyl Cellulose 9.5
PC-3 _ 5
25
PRS-4
Toluene 86.6 parts
Ethyl Cellulose 9.6
PC-4 3.8
30
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per oxy-nonocar bonate esters, such as tertiarybutyl peroxy i sopropyl

car bonat e; . peroxydi carbonate esters, such as di(2- -®thyl hexyl)

per-oxydi carbonat e, di(secondary butyl) peroxydi carbohate and dii sopropyl
per oxydi carbonate; diacyl peroxi des, such as 2, 4-di chl orobenzoyl peroxide,

i sobutyryl peroxide, deecanoyl peroxide, |auroyl peroxide, propionyl

peroxi de, acetyl peroxide, benzoyl peroxide, p- chlorobenzoyl peroxide;
peroxyesters such as t-butyl peroxy pivalace, t-butylperoxy octylate, and .
t- butyl peroxyi sobutyrate; nethylethyl ketone peroxi de, acevtylcycl ohexane
sul fonyl peroxide, and azobis(isobutyronitrile) Preferred initiators are
those that do not discolor the resulting polrynerizate, such as

di i sopronyl peroxydi carbonate. The anmount of initiator used to
initiate and p0|yggatégntanedione 35.19 parts
n-Butanol ! 17.59 N
5 Cyclohexanone 21.99
N-Methylpyrrolidinone 2.64
Ethyl cellulose 1.76
Poly{vinylpyrrolidone) K-90 8.80
PC-1 2.40
10 PC-4 2.32
PC-5 2.00
PC-6 1.28
ED 2.66
PD 1.34
15 FRD 0.016
PRS-6
PRS-5 99.986 parts
20 FAC 0.020
PRS-7
Toluene 88.2 parts
25 Ethyl cellulose 9.8
PC-4 2.0
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t he pol yneri zabl e conposition may vary and will depend on the particular
initiator used,. the make-up of the conposition, e.§.3 the amount and type
of -ethylenically unsaturated group(s) present, and t'he degree of cure.
Only that anbunt that is required to initiate and sustain the

pol ynmeri zation reaction is required, i.e., an initiating amount. The
surface of the cured matrix should not be so hard that, in one enbodinent,
i mbi bition of photochrom c substances ingg. the matrix by imersion or
thermal transfer is inhibited or

'EMR - -
Toluene 87.4 parts
Ethyl cellulose 9.7
5 PC-4 1.94
ED 0.64
PD 0.32
10 PRS-9
Toluene : 87.8 parts
Ethyl cellulose 9.76
PC-4 _ 2.44
15

. In Examples 1—4-and 6-9 photochromic resin soclutions were
spin coated onto polymerizate squares. In Example 5
photochromic resin solution was spin-coated onto the lens.

The coated polymerizates were allowed to dry in air and then
20 heated in a forced air oven at 135°C to imbibe photochromic

‘compound (s) into the polymerizates. In Examples 1-4 and 6-9

an uncoated square was heated with the coated squares. The

heating periods are shown in Table 8.
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- 16 - prevented if that nethod of incorporating the photochronic
substance i s used. —~Phot ochrom ¢ conpound, whetsaer a single

phot ochromi ¢ conpound orfa mxture of photochrom ¢ conpounds, nay be

i mbi bed into a surface of a matrix polynmer after the polymer is formed or
it may be included as a conponent of the polynerizable conposition prior
to polynmer formation. If included as a conponent of the polynerizable
conposition, then the initiator should _he chosen so that it will not
destroy the photochrom ¢ conpound. In such instances, the initiator is
usual Iy an organic azo-nitrile initiator or a peroxy initiator.

Phot ochrom ¢ conpounds that may be utilized to prepare - -

Table 8
Heating Periods at 135° C
5 Photochromic Resih Heating Périod,
Example Solution Min, approximate
1 PRS-1 45-50
1 PRS-2 75
10 1 PRS-3 90
2 PRS-2 75
2 PRS-3 90
15 3 PRS-4 60
4 PRS-6 90
5 PRS-5 140
20
6 PRS-7 105-210
7 : PRS-8 45-60
25 8 PRS-9 80-85
9 PRS-2 75
9 PRS-3 90

300 At the conclusion of the heating period, the polymerizates
were removed from the oven and allowed to cool to room
temperature. In Examples 1-3 and 6-9 used photochromic resin

coating was removed from the coated polymerizates with

heet Has Been Replaced

R



photochromi c articles of the present invention, such as those heretofore
described, . are organi c pigt ochrom c conpounds or substances containing
sanme that nmay be incorporated, e.g. di ssol ved or dl%persed in the
organi c synthetic host nmateri al used to prepare the photochromc articles.
Many of such conpounds are described in the open literature. For exanple,
spi ro(i ndol i no) napht hoxazi nes have been descri bed, anong others, in U S
Patent Nos. 3,562,172, 3,578,602, 4,215,010 and 4, 342, 668.

Spi ro(i ndol i no) napht hoxazi nes havi ng cengai n substituents on the 8 and 9
positions of the naphthoxazine portion of the nolecule are the subject of

co- pendi ngadbtdnLat At EARRL1 &Rt QRSN hddd Nhot@Eh88Ri §87esii |c%€tlggcenber
21, 1992. Soiro(indolino)pyridobenzoxazines are described in U S. Patent
4,637, 698.

was removed from the coated polymerizates with water. In all
Examples the squares were thoroughly washed with aceté;; to
ensure that no excess photochromic compound was left on the

5 surfaces of the imbibed squares.

In Examples 1-4 and 6-9 the net absorbance at either 346
nm or 370 nm of most of the imbibed squares (viz., absorbance
of the imbibed square in the bleached state minus the
absorbance of the uncoated square) was determined at room

10 temperature using a Varian Model Cary 3 spectrophotometer.

The results are shown in Table 9.

Table ©o
et rbances
15
Photochromic —_ Net Absorbance
Example Resin Solution at 346 nm at 370 nm
1 PRS-1 NDl 1.04
1 PRS-2 ND 1.38, 1.27
20 1 PRS-3 ND 2.19, 2.09
2 PRS-2 ND 1.22
2 PRS-3 ND 2.10
25 3 PRS-4 2.46 ND -
4 PRS-6 4.82 ND
5 PRS-5 ND ND
30
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-17- Spi ro(benzi'ndol i no) pyri do benzoxazi nes and
splro(ben2|ndollno)naphtﬁmxa2|nes are described in Ezg. Pat ent 4,931, 219.
Spi r o( benzi ndol i no) napht hdpyrans area” described in panese patent
publication 62/195383. Spiro(indolino)benzoxazines are described in U S
Patent 4,816,584. Soiro(indolino)benzopyrans, _
splro(|ndollno)naphthopyrans and splro(lndollno)qU|nopyrans are descri bed,

for exanple, in U S 4,880, 667. _37-
Table 9 (cont.) i
Net Absorbances
Photochromic Net Absorbance
5 Example Resin Solution at 346 nm at 3707
6 PRS-7 1.77 ND
7 PRS-8 2.70 ND
10
8 ' PRS-9 2.67 ND
9 PRS-2 ND 1.42
9 PRS-3 ND 2.21

15 1ND = Not Determined

Photochromic performances for imbibed squares of Examples
1-4 and 6-9 were determined on an optical bench. The bench
was mounted with a 300 watt Xenon arc lamp operated at about
200 watts, a remote controlled shutter, a Schott WG-320 nm cut
20 off filter which removes short wavelength radiation; neutral
density filter(s) and a constant temperature water bath in
-which the square to be tested was immersed. A collimated beam
of light from a tungsten lamp was passed through the square at
a small angle to the normal to the the square. After passing
25 through the square, the light from the tungsten lamp impinged
a beam splitter which split the beam into two secondary beams
of equal inténsity. The.unreflected secondary beam was
directed through a 620 nm‘band pass filter to a detector. The

reflected secondary beam was directed through a 480 nm band
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Spi ro(i ndol i no)pyrans are al so described in the text, Techniques of

Chemi stry Volune |11, "Photochron sni', Chapter 3, G‘ﬁenn H Brown, Editor,
John Wley and Sons, Inc. 'New York 1971. Phot o&hr oni ¢ or gano- et a
dithizonates, i.e., (arylazo)thioform c aryihydrazidates, e.g., nercury

dithi zonates, are described in, for exanple, U S. Patent 3, 361, 706.

Ful gi des and fulgimdes, e.g., the 3-furyl and 3- thienyl fulgides and
ful gimdes are described in U S Patent _,4,220,708. 3-pyrrol fulgides and
ful gimdes are described in U S, Patent 2,170, 202.

Spi rO(dUhydﬁé’éé’%'ﬂték”@é Ao 6%‘%%%“ bsgmf tl%;gp ?hne&ggﬁecgg&ent

4,931, 220 at colum 20, roug Certain

chrorenes, o G@taﬁegzg%&%% 0RRH! PRPVIANS: pnBlEoHesagd b, U S

detector. The photopic filter passes wavelengths such-that
the detector mimics the response of the human eye. The output

5 signals from the detector(s) were processed by a radiometer
which delivered data to a computer.

Change in optical density (AOD) was determined by closing

the shutter from the Xenon lamp, inserting an imbibed square
in the bleached state into tﬁe water bath which had a

10 preaetermined temperature, adjusting the transmittance scale
to 100%, opening the shutter from the Xenon lamp to provide
ultraviolet radiation to change the imbibed square from the
bleached state to an activated (i.e., darkened) state,
measuring the transmittance in the activated state, and

15 calculating the change in optical density according to the
formula AOD=log(100/%Ta) where %Ta is the percent
‘transmittance in the activated state and the logarithm is to
the base 10. The period of exposure to the ultraviolet light
from the Xenon lamp at the time the percent transmittance is

20 determined is noted, except in some instances when the
exposure period is long enough to ensure that a substantially
saturated state {(i.e., a state of substantially maximum
darkness) has been obtained. The temperature of the water

bath is also noted.
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5, 066,-818.
nunber 8 carbon atom and tertain substituents at tA& number 7 or nunber

Napht hopyran conpounds having certain substituents at the

carbon atom all substituents being on the naphtho portion of the

18- napht hopyran, are the subject of co-pending U S. Patent Application
Serial’ No. 08/080, 246, filed June 21, 1993. Naphthopyrans substituted at
the 3 position of the pyran ring wth (i) an aryl
substi t uent -39-

phenyl

10

15

20

In those instances when the bleach half life, Ty, is to

be found, the exposure period is continued long enough to

ensure attainment of a substantially unsaturated stateé and the

AOD is then determined. The shutter from the Xenon lamp is
closed and the time required for the AOD to decrease to one-
half of the AOD at substantial saturation is determined. This
time interval is taken as the bleach half life.

When fatigue is to be found, the AOD of the substantially
saturated state is first determined. The imbibed square is
then exposed at 52°C to 351 nm ultraviolet light in a Q-U-V
Accelerated Weathering Tester for an exposure period which is
noted and which is téken as the fatigue time. At the end of
the exposure period the imbibed square is allowed to return to
the bleached state and then the AOD of the substantially
saturated state is determined on the optical bench using the

same procedure and water bath temperature as before. Fatigue

"is taken as the percent decrease in AOD of the substantially

saturated state as compared with the ACD prior to exposure in
the Q-U-V Accelerated Weathering Tester.

In Example 5 the percent transmittance of the imbibed
lens in the bleached state was determined using a Spectro Gard
IT Spectrophotometer. The lens was then exposed for 10
minutes to.the Sylvania GTE Blacklight Blue F40/BLB 40 watt
light bulbs positioned about 30.5 mm above the lens. The
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having a 5- or 6- ‘menber heterocyclic ring:. fused at the nunber 3 and 4
carbon atons of the phenyt substituent are the subj@gt of co-pending U S.
Pat ent Application Serial No. 08/ 080,250 filed June 21, 1993. Napht hopyran
conpounds substituted at the nunber 8 carbon atom on the naphtho portion
of the naphthopyran ring with, for exanple, a nethoxy group are the
subject of U S. Patent 5,238,981. Naphthopyran conpounds, exanples of

whi ch are 3-aryl-3-aryl al kenyl napht hopysans are the subject of co-pending
U S. Patent 5,274,132 Certain benzopyran conpounds, such as those

substi t ut ed_ﬁ rdel ‘%p@rQ}i’%{\ @lcgf %Qeupéq «analckmgl WeddAda | eagk ¢

e
ort ho-substi heny whi ch have substituted or - unsubstituted

heterocycl i ¢ ifg. -8 Cge@élégﬁ%gt BhER0 e 1ARREOHLRANG ieigmufyised to the

benz portlon of “t'he enzopy

AOD=1og (100/%Ta) -10g(100/%Tb) where %TA is the percent
transmittance of the activated state, %Tb is the percent
S transmittance of the bleached state, and the logarithms are to
the base 10.
The results of photochromic performance testing are shown
in Table 10-18 where the temperature, abbreviated temp., is"

that of the water bath the the wavelength is abbreviated A.

10
Table 10
Example 1
) Photochromic Bleach Fatigue
15 Resin AQD TY Time, Fatigue
Solution Temp.,°C A.nm 30 sec 15 min sec _hr %
PRS-1 22.2 480 0.068 0.430 228  Npl ND
PRS-2 22.2 480 0.079 0.298 178 ND 'ND
20 PRS-3 22.2 620 0.094 0.428 124 ND ND
PRS-1 35 480 0.061 0.179 69 25 37
PRS-2 35 480 0.066 0.123 35 25 26
PRS-3 35 620 0.072 0.122 24 50 39
25
PRS-2 22.2 PHOTOPIC 0.078 0.186 192 25 36
50 56
PRS-3 22.2 PHOTOPIC 0.161 0.435 136 25 25
30 50 39
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are.the subject of co-pending U S. Patent Application Serial No.
08/ 030,932, filed March '12, 1993. The di scl ostres of such
photochronic conmpounds in the aforedescribed pat ent s and pat ent
applications are incorporated herein, in toto, by reference. The
photochrom c articles of the present invention nmay containsone
phot ochrom ¢ conpound or a m xture of photochrom c conpounds,

-19- as desired. M xtures of photochragic conmpounds may be used

Table 11
Example 2
5 Photochromic _ Bleach Fatigue
Resin AQOD T¥% Time, Fatigue
Solution Temp.,°C A.nm 30 sec 15 min sec _hr 5
PRS-2 22.2 PHOTOPIC 0.078 0.187 194 25 33
50 55
10
PRS-3 22.2 PHOTOPIC 0.137 0.405 154 25 55
50 37
Iable 12
15 . Example 3
Photochromic Bleach Fatigue
Resin AOD T¥% Time, Fatigue
Solution Temp.,°C A.,nm 30 sec 15 min  sec hr 5
20 ’
) PRS-4 29.4 620 0.158 0.376 60 75 42
Table 13
Example 4
25
Photochromic Bleach Fatigue
Resin AQD T% Time, Fatigue
Solution Temp.,°C A.,nm 30 sec 2 min 10 min sec _hr  _%
30 PRS-6 22.2 PHOTOPIC 0.136 0.320 0.520 185 25 5
75 10
Table 14
Example 5
35
Photochromic
Resin AOD
Solution Temp.,°C A, nm 10 sec
40 PRS-5 Ambient Visible Spectrum 0.379
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to.att-ain certain activated col ors. The amount of photochromc
conpound or conposition-" containing the sane incouﬁ?rated into the matrix
[

is not critical

provi ded that a sufficient amount

used to produce a

phot.ochrom c effect discernible to the naked eye. Generally such anount
can be described as a photochrom c anount. The particul ar anbunt used

depends often upon the

and upon

intensity of color desired upon irradiation thereof

t he net hod used to incorporate4the phot ochrom ¢ conpounds.

Typically the nore photochrom ¢ conpound i ncoporated the greater is the

color intensity.

General ly, the anount of each photochrom c substance

incorporated into the matrix may rangerainemgbout 0.01 or "0.05 to about 10
to 20 percent by weight.

5

10

15

20

25

30

35

Photochromic
Resin

Solution Temp..,°C

PRS-~7 29.4
Photochromic
Resin
Solution Tewmp,.°C
PRS-8 29.4
Photochromic
Resin

Solution Temp.,°C

PRS-9 29.
Photochromic
Resin

Solution Temp,.,°C

PRS-2 22

PRS-3 22,

More typical E¥ample 6

4

.2

2

Bleach Fatigue
AOD T% Time, Fatigue
A.nm 30 sec 2 min 10 min sec _hr  _%

620 0.225 0.374 0.455 43 75 81

Bleach Fatigue
AQD T% Time, Fatigue

A.nm 30 sec 2 min 10 min sec _hr  _%
620 0.218 0.310 0.336 24 75 70
Table 17
Example 8
Bleach Fatigue
ACD T% Time, Fatigue
A, nm 30 sec 2 min 10 min sec _hr %
620 0.255 0.3%94 0.457 33 75 40
Table 18
Example 9
Bleach Fatigue
AQD T¥ Time, Fatigue
A.nm 30 sec 15 min sec _hr %
PHOTOPIC 0.089 0.195 166 25 37
S0 56
PHOTOPIC 0.179 0.455 124 25 24
50 38
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t he- amount of photochronlc substance(s) incorporated into the matrix wll
. range from about 0.01 t'o}about 2 wei ght percent, ﬁ%%e particularly, from
about 0.01 to about 1 weight percent, e.g., fromabout 0.1 or 0.5 to about
1 wei ght percent, based on the weight of the matrix. Expressed
differently), the total amount of photochromi ¢ substance incorporated into

an optical matrix may range from about 0.15 to about 0.35 mlligrans per
square centineter of surface to which t-H8- photochrom c substance(s) is
i ncor por at ed. The high refractive photochrom c organi c ophthal mc

article of the present invention has a refractive index at 20[err] C and a
wavel ength of S%t%ougﬁoggsaelgéesogntatlnveaélon ha?é been descrlbed with

reference to specific details of certain embodiments thereof,
it is not intended that such details should be retarded as
5 limitations upon the scope of the invention except insofar as

they are included in the accompanying claims.
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-20 - Often the refractive index under the same corditions is at |east
1.54. In many cases, the fefractive index under the Same conditions is at
| east 1.55. Even higher refractive indices, such as at |east 1.56, at

|l east 1.6, or at least 1.66, are preferred. InmmulllmluanlMLIMI
cases, the high refractive index photochrom c ophthal m

bl each transmission, that is, a luminous,fransmssion 6f &t 'edst *40
percent Oten the bleach transm ssion is at |least 70 percent Preferably

the bleach transm ssion is at |east 80 percent. The high refractive
i ndex phot ocKrofi &*8pht hal nj ¢

1. In a photochromic organic ophthalmic article
comprising in combination:
5 (a) a thermoset organic polymeric matrix having a
front surface and a rear surface; and
(b) photochromic compound
the improvement wherein said article has a refractive index at
20°C and a wavelength of 589.3 nanometers of at least 1.53 and
10 whefein said matrix comprises polymer formed by polymerizing
polymerizable composition comprising high refractive index
imparting monomer selected from the group consisting of
bisphenol A bis((meth)acr&late), ethoxylated bisphenol A
bis({meth)acrylate) containing from greater than 0 to 10
15 ethyleneoxy groups, phenoxyethyl {(meth)acrylate, thiodiphenol
bis{ (meth)acrylate), styrene, o-methylstyrene, divinylbenzene,
. diisopropenylbenzene, diallyl phthalate which constitutes from
0 to 40 percent by weight of the total monomer of said
composition, bisphenol A bis{allyl carbonate), and a mixture
20 of at least two or more thereof, wherein said diallyl
phthalate is diallyl o-phthalate, diallyl m-phthalate, diallyl
p—phthélate, or a mixture of two or more thereof.
2. The photochromic organic ophthalmic article of

claim 1 wherein said matrix comprises polymer formed by
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articles usual Iy, ‘but not necessarily also have a heat distortion
tenperature of at least 35/ err]C. Preferably the heat distortion

tenmperature is at |least 40[err]C. As used in the pre il Lon
and clains, heat distortion tenperature is determ nedﬂm"%lmﬂm!j "mnumth
dls *

ASTM D 648- 86. As used in the present specifica

kOlNc a

0-second Barcol hardness and 15-second Barcol hardness are determ ned
accordance with ASTM D 2583-81 using a Barssol |npressor and taking scale

readi ngs i medi ately after and 15 seconds

penetrated tpBe1sREEI AWy polymeriddWld ReaPbEONidS dompirielngesesmaaidt i n

conjunction with

il lustrativeriaghesnddiaing FhitAgp1atd diRewhi ch all parts are parts by
wei ght and all percentages are percentages by wei ght
3. The photochromic organic ophthalmic article of

10

15

20

claim 2 wherein said aromatic-ring containing inert
plasticizer is terminated on at least one end with an aromatic
ring.

4. The photochromic organic ophthalmic article of
claim 2 wherein said aromatic-ring containing inert
plasticizer is terminated on at least two ends with aromatic
rings.

5. The photochromic organic ophthalmic article of
claim 2 wherein said aromatic-ring containing inert
plasticizer has a refractive index at 20°C and a wavelength of
589.3 nm of at least 1.48.

6. The photochromic organic ophthalmic article of

claim 5 wherein said aromatic ring-containing inert

.plasticizer is selected from the group consisting of

poly(ethylene glycol) dibenzoate, poly{propylene glycol)
dibenzoate, 1,3-bis(phenylthio)propane, and a mixture of at
least two thereof.

7. ' The photochromic organic ophthalmic article of
claim 1 wherein said photochromic compound is selected from

the group consisting of
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unl ess ot herw se speci fi ed. -
I n each Exanple, an initiated pol erEI’I zabl e conposi t |‘bn was prepar ed by
t horoughly admixing all basic ingredients to forman un

pol yneri zabl e conposition and then thoroughly adm xi ng mf'l E Mrﬂm
uninitiated polymerizable conposition. The identities

and their

10

15

20

anounts are shown in Table 2.

-46-
1,3—dihydro—3,3—dimeth&l—5—methoxy—1—propy1—spiro[2H—indol—
2,3’ - [3Hlpyrido{3,2-f}(1,4) benzoxazine]; o
1,3-dihydro-3,3,4,5-tetramethyl-1-propyl-spiro[2H-indo}e-2,3"’ -
[3H] pyrido{3,2-£} (1, 4)benzoxazine] ; |
1,3-dihydro-3,3,5,6-tetramethyl-1-propyl-spirc[2H-indole-2,3" -
[3Hlpyrido{3,2-f}(1,4)benzoxazine] ;
3—(244—dimethoxy)phenyl—3—(4—methoxy)phenyl-BH—naphtho[2,1—b]
pyran;

1,3,3,4,5-pentamethyl-9’-methoxycarbonyl-8'-acetoxy-
spifo[indoline—2,3'—[3H]naphth[2,1,b]—[1,4]oxazine];
3{2-fluorophenyl) -3 (4-methoxyphenyl) -8-methoxy-3H-naphtho (2, 1-
bl pyran;

1,3,3;5,6—pentamethyl—9'—methoxycarbonyl—s’—acetoxy—
spiro[indoline-2,3 - [3Hlnaphth[2,1,b]-[1-4]oxazine];

3 (2-fluorophenyl) -3 (4-methoxyphenyl) -8-methoxy-3H-naphtho[2, 1-

blpyran;

.3(2) fluorophenyl) -3 (4-methoxyphenyl) -8-methoxy-9-carbomethoxy-

3H-naphtho{2, 1-blpyran;
and a mixture of at least two thereof.

8. The photochromic organic ophthalmic article of
claim 1 which has a bleach transmission of at least 40

percent.
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EXAMPLES In the Exanpl es which fol | ow, many of the materials are

apbrevi ated as shown in Tabl e 1. Tabl e

Abbr evi ati on Mat eri al BPA DAC B| sphenol A bis (ally
car bonat e) TBBPA 2E0 DAC Et hoxvl at ed tetrabrzﬂ"l"l mm&ullﬁluﬂ
bi s(allyl carbonate) containing 2. EO A
2.5E0 DM A Et hoxyl at ed bi sphenol A

bi s(nmet hacryl ate) containing 2.5 EO  -47- units. SPA
1050 DVvA Et hoxyl at ed bi sphenol A

9. The photochromic organic ophthalmic article of
claim 1 which has a heat distortion.temperature éf'at least
35°C. -

10. The photochromic organic ophthalmic article of

5 claim 1 which has a refractive index at 20°C and a wavelength
of 589.3 nanometers of at least 1.54.

11. The photochromic organic ophthalmic article of
claim 1 which has a refractive index at 20°C and a wavelength
of 589.3 nanometers of at least 1.55.

10 . 12. The photochromic organic ophthalmic article of
claim 1 which has a refractive index at 20°C and a wavelength
of 589.3 nanometers of at least 1.56.

13. The photochromic organic ophthalmic article of

claim 1 which has a refractive index at 20°C and a wavelenth of
15 ©589.3 nanometes of at least 1.6.

14. The photochromic organic ophthalmic article of
- claim 1 which is a photochromic organic ophthalmic lens or
lens blank.

15. The photochromic organic ophthalmic article of

20 claim 14 characterized by an absolute value of optical
correction of at least 2 diopters.

16. The photochromic organic ophthlamic article of

claim 15 wherein:
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bi s( net hacryl ate) ‘containing 10 EO units.

22 h Table 1(cont.) PEG 609 DI\/A
Poly(et hyl ene glycol) of ol ecul ar ght 600
nmet hacryl ate-term nated at bot h m 0
MVA Pol y(et hyl ene gl ycol) of nol ecul ar e‘ ﬂll "ml mm ﬂﬂ“
-48 -~
(a) said matrix comprises polymer formed by

polymerizing polymerizable composition
comprising high refractive index imparting
monomer selected from.the group consisting of

5 bisphenol A bis{methacrylate), ethoxylated
bisphenol A bis(methacrylate} containing from
greater than 0 to 10 ethyleneoxy groups,
phenoxyethyl methacrylate, thiodiphenol
bis (methacrylate), o-methyl styene,

10 ' diisopropenylbenzene, diallyl phthalate,
bisphenol A bis(allyl éarbonate), and a
mixture of at least two thereof;

(b) said photochromic compound is selected froﬁ
the group consisting of

15 1,3-dihydro-3,3~-dimethyl-5-methoxy-1l-propyl-
spiro[2H-indol-2,3’ - [3H]pyrido{3,2-£}(1,4)
benzoxazine] ;
1,3-dihydro~3,3,4,5-tetramethyl-1-propyl-
spiro[2H-indole-2,3’ - [3H]pyrido{3,2-

20 £} (1,4)benzoxazine] ;
1,3-dihydro-3,3,5, 6-tetramethyl-1-propyl-
spiro[2H-indole-2,3 - [3H]pyrido{3,2-

£} (1,4)benzoxazine] ;
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wei ght- 1000 term nated at one end by a met hoxy group

and at the other end by & met_ﬁ%cryl ate group. UR- 1
(Acryl ate/allyl carbamat e3 -term nat ed pol yur et hane

trrﬁgte gSHE:/}Aat'ed ' Exanple was substitut ed2f 8]; gl‘ﬂll‘ﬂl\malgmmslﬁmlept

bis (allyl carbonate) UR- 2 (Acryl ate/al Iyl *

carbanmat e) -t erm nat ed _49- Ppolyurethane nmade simlarly to
UR-1 but but anedi ol was added first then the

bl end of allyl alcohol and 2- —dimeth h -3- (BYHLOXY. rylate
was added. -UR-3 5 (2,4 dlmf&c(r»)c/}()a}% e?néﬁll yl (car bamﬁ)@ﬂteg?’% nat ed
pol yur et hane nmade by the magﬁlod descri bed in Exanpl e

2 of US 5,200,483 -naphtho [2, 1.0 pykaninat
meta-[err],[err],[err],[err _or_Letr | X%l ene
l,3,3,4,5—pentamet?¥%[ﬁ me%hP%gg%%%%ﬁéhg

di i socyanate was used ace o

?Lisocyanate and . acetéxy—spiro?ggggg{gggg—%ngq3gigggﬁ%ﬁ%z,%,%ﬁg used

5 [1,4]0oxazine] ;
1,3,3,5,6-pentamethyl-9’-methoxycarbonyl-8"* -
acetoxy-spiro{indoline-2,3’~ [3Hlnaphth(2,1,b] -
[1,4])oxazinel;
3(2-fluorophenyl) -3 (4-methoxyphenyl) -8-

10 . methoxy-3H-naphtho(2,1-blpyran;

3 (2-fluorophenyl) -3 (4 -methoxyphenyl) -8~
methoxy-9-carbomethoxy-3H-naphtho[2,1-blpyran;

and a mixture of at least two thereof.

(c) said photochromic brganic ophthalmic article
15 has a heat distortion temperature of at least
35°C; and

{d) said photochromic organic ophthalmic article
has a bleach transmission of at least 40
percent.
20 17. The photochromic organic ophthalmic article of
claim 1 wherein said matrix comprises polymer formed by
polymerizing polymerizable composition comprising flexible

monomer.
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pl ace of 530 nol ecul ar wej ght _
pol y(car prol actone)diol. : " -23-
Table 1 (cont)

UR- 4

2- hydr oxyl et hyl net hacryl ate was substituted for
al Iyl al cohol and 2-hydroxyet hyl -50- acryl ate.
18. The photochromic organic ophthalmic article of

10

15

20

claim 17 wherein said flexible monomer is selected from the

group consisting of (meth)acrylate of monoalkyl ether of

" poly(alkylene glycol), monoaryl ether of poly(alkylene glycol)

mono { (meth)acrylate), and a mixture thereof.

19. The photochromic organic ophthalmic article of
claim 17 wherein said flexible monomer comprises
poly((meth)acrylate) of alkoxylated polyol containing at least
9 alkoxy groups.

20. In a photochromic organic ophthalmic article
comprising in combination,

(a) a thermoset organic polymeric matrix having a
front surface and a rear surface; and

(b) photochromic compound imbibed into at least
one of said surfaces,

the improvement wherein said article has a refractive index at

.20°C and a wavelength of 589.3 nanometers of at least 1.53.

21. The photochromic organic ophthalmic article of
claim 20 wherein said matrix comprises polymer formed by
polymerizing polymerizable composition comprising high
refractive index imparting monomer selected from the group
consisting of bisphenol A bis((meth)acrylate), ethoxylated
bisphenol A bis((meth)acrylate) containing from greater than 0

to 10 ethyleneoxy groups, phenoxyethyl (meth)acrylate,
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TWP 15EO TA ' Et hoxyl ated trinethyl ol propang
tris(acrylate) .containi na 15 EO units. Dl PE3

| , 3-Di i sopropenyl benzene. DAl P
PHEI\/A 2- Phenoxyet hyl met hacryl at e. |nm| l‘ [
4,4' - Thi odi - henol di net hacryl at e. ANVS

[err]-Methyl styrene. ATA a- Ter pi nyI acet at e
Cycl ohexene DEG DAC D ethyt ene glycol bis(allyl car bonat e).
DEG DAC M X A m xture of 60% di et hyl ene gl ycol

thiodiphenol bis((meth)acrylate), styrene, o-methylstyrene,
divinylbenzene, diisopropenylbenzene, diallyl o-phthalate,
diallyl m-phthalate, diallyl p—phthala;e, bisphenol A ™~
bis(allyl carbonate), and a mixture of at least two thereof.

5 22. The photochromic organic ophthalmic article of
claim 20 wherein said matrix comprises polymer formed by
polymerizing polymerizable composition comprising aromatic
ring-containing inert plasticizer.

23. The photochromic organic cphthalmic article of

10 claim 22 wherein said aromatic-ring containing inert
plasticizer is terminated on at least one end with an aromatic
ring.

24. The photochromic organic ophthalmic article of
claim 22 wherein said aromatic-ring containing inert

15 plasticizer is terminated on at least two ends with aromatic
rings.

25. The photochromic organic ophthalmic article of
claim 22 wherein said aromatic-ring containing inert
plasticizer has a refractive index at 20°C and a wavelength of

20 589.3 nm of at least 1.48.

26. The photochromic organic ophthalmic article of

claim 25 wherein said aromatic ring-containing plasticizer is

selected from the group consisting of poly(ethylene
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bi s(allyl carbonate) and, 4096 = RO | y(di et hyl ene gl ycol
car bonate) . . bi s(allyl carbonate). PGDB
Pr opyl ene egcoI dibenzoate.

Table 1 (cont)  PEG 200 DB Pol y( et hyl ene H‘HW"\I““&L‘M\H o
wei ght 200 benzoate-term nated at both
-52-
glycol)dibenzoate, poly(propylene glyccol) dibenzoate, 1,3-
bis (phenylthio)propane, and a mixture.of at least two thereof.
27. The photochromic organic opbthalmic article of
claim 20 wherein said photochromic compound is selected from
5 the group consisting of
1,3-dihydro-3,3-dimethyl-5-methoxy-1l-propyl-spiro[2H-indol-
2,3’ -[3Hlpyrido{3,2-f}(1,4) benzoxazine];
1,3-dihydro-3,3,4,5-tetramethyl-1-propyl-spiro[2H-indole-2,3" -
[3H]lpyrido{3,2-f}(1,4)benzoxazine] ;

10 1,3;dihydro—3,3,5,6—tetramethyl-1—propyl—spiro[2H—indole—2,3'—
[3H]pyrido{3,2—f}(1,4)5enzoxazine];
3-(2,4-dimethoxy)phenyl-3- (4-methoxy)phenyl-3H-naphtho{2, 1-
blpyran; |
1,3,3,4,5-pentamethyl-9’ -methoxycarbonyl-8’-acetoxy-

15 spiro[indoline—2—3’—[3H]naphth[2,1,b]—[1,4]oxazine];
3(2-fluorophenyl) -3 (4-methoxyphenyl) -8-methoxy-3H-naphtho (2, 1-

.blpyran;
1,3,3,5,6-pentamethyl-9’-methoxycarbonyl-8’-acetoxy-
spiro[indoline-2,3’ - [3H]lnaphth(2,1,b]l-[1,4]oxazine];

20 3(2-fluorophenyl) -3 (4-methoxyphenyl) -8-methoxy-3H-naphtho[2,1-
blpyran;
3{2-fluorophenyl) -3 (4-methoxyphenyl) -8-methoxy-9-carbomethoxy-
3H-naphtho[2, 1-blpyran;

and a mixture of at least two thereof.
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CLN

(phenylthio)propane.

-Di et hyl

TBEC

3- (2, 4- di met hoxy) phenyl
- 3H napht ho( 2, 1- b]
28.

phenyl

10

15

20

pyr ocar bonat e.
2- Hydr oxy- 4- met hoxybenzophenone.
di car bonat e.

Bl PC

claim 20

percent.

29.

claim 20

35°C.

30.

claim 20

of 589.3

31.

claim 20

of 589.3

32.

claim 20

of 589.3

33.

-claim 20

of 589.3

34.

claim 20

1- Chl or onaoht hal ene. BPTP
TPP: Tri phenyl¥ phosphite.
HVBP

| PP

tert-Butyl peroxy “mmmﬁml

tert-Butyl peroxy 2-ethyl hexyl carbonatéd "PC'1
- 3- (4- -53- met hoxy)

The photochromic organic ophthalmic article of

which has a bleach transmission of at least 40

The photochromic organic ophthalmic article of

which has a heat distortion temperature of at least
The photochromic organic ophthalmic article of
which has a refractive index at 20°C and a wavelendth
nanometers of at least 1.54.

The photochromic organic ophthalmic article of
which has a refractive index at 20°C and a wavelength
nanometers of at least 1.55.

The photochromic organic ophthalmic article of
which has a refractive index at 20°C and a wavelength
nanometers of at least 1.56.

The photochromic organic ophthalmic article of
which has a refractive index at 20°C and a wavelength
nanometers of at least 1.6.

The photochromic organic ophthalmic article of

which is a photochromic organic ophthalmic lens or

lens blank.

35.

claim 34

The phétochromic organic ophthalmic article of

characterized by an absolute value of optical

correction of at least 2 diopters.
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pyran

PC-2

3(2-fl uorophenyl) - S,Lé met hoxyyphenyl ) - 8-

nmet-hoxy- 9- car bonet hoxy- 3FLnaphtho(2 1- bl pyr an.

PC- 3

1,3,3,4,5 (and 1, 3, 3,5, 6) - pentane

9' - net hoxycar bonyl -8' -ace t oxy-

spiro[indoline-2,3

[ 1, 4] oxazi ne].

10

15

20

-[3H napht h[ 2, 1, b] -

flll'll LT

-54 -

36. The photochromic organic ophthalmic article of

claim 35 wherein:

(a) said

matrix comprises polymer formed by

polymerizing polymerizable composition

comprising high refractive index imparting

monomer selected from the group consisting of

bisphenol A bis (methacrylate), ethoxylated

bisphenol A bis(methacrylate) containing from

greater than 0 to 10 ethyleneoxy groups,

phenoxyethyl methacrylate, thiodiphenol

bis (methacrylate), a-methyl styrene,

diisopropenylbenzene, diallyl phthalate,

bisphenol A bis({allyl carbonate), and a

mixture of at least two thereof;

{b) said

photochromic compound is selected from

the group consisting of

1,3-dihydro-3,3-dimethyl-5-methoxy-1-propyl-

spiro[2H-indol-2,3’ - [3Hlpyrido{3,2-£}(1,4)

benzoxazinel ;

1,3-dihydro-3,3,4,5-tetramethyl-1-propyl-

spiro[2H-indole-2, 3’ - [3H]pyrido{3,2-

£} (1,

4)benzoxazine] ;
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Table 1 (cont.) ‘PG4 1, 3-di hydro-3,3,4,5 (and
3,3,5,6)-tetra-. C methyl-l-propy’}spiro[2H—indoI e-2,3 -
[ 3H] pyri do{ 3, 2- f}(l 4) benzoxa2| nel . PC-5 _

1, 3-di hydro- 3, 3-di net hyl - 5- met hoxy- 1-

e o b ne]. pO6 \\!\\\\3\\\\\}\\\l\\\\\!\\\\j\

3(2-fl uorophenyl)-3(4-methoxcyphenyl)-8-55-

nethoxy-BFLnaphtho[Z,1-b]pyran. ED N- ( 2- et hoxyphenyl)
- (2-et hyl phenyl) 1,3-dihydro-3,3, ex@wnua&hmatﬂgl—1-§&bpy1_
BIS(l 2,2, 6, 6-pent anet hyl - 4- pi perdi nyl) - - (3,5-di-
tert- butyI 4- hydr oxybenzyl )spiro [2H-indole-2, 3’ - [3H] phutiyib{ propanedi oat e [CAS
63843-89-0] . FRD Sandox Forone Rubi ne S-ZGFL dye C. |
D sperse Red 167: 1. £}(1,4)benzoxazine] ;

3—(2,4—dimethoxy)phenyi—3—(4—methoxy)pheny1-

5 3H-naphtho{2, 1-blpyran;
1,3,3,4,5-pentamethyl-9’-methoxycarbonyl-8’ -
acetoxy-spiro[indoline-2-3’ - [3H]naphth([2,1,b] -
{1,4)oxazinel;
1,3,3,5,6-pentamethyl-3’-methoxycarbonyl-8" -

10 . acetoxy-spiro[indoline-2,3’ - {3H]lnaphth([2,1,b] -
[1,4]oxazine];
3(2-fluorophenyl) -3 (4-methoxyphenyl) - 8-
methoxy-3H-naphtho{2,1-b]lpyran;
3(2-fluorophenyl) -3 (4-methoxyphenyl) -8-

15 methoxy-9-carbomethoxy-3H-naphtho[2,1-b]lpyran;
and a mixture of at least two thereof.

{c) said photochromic organic ophthalmic article
has a heat distortion temperature of at least
35°C; and

20 (d) said photochromic organic ophthalmic article
- has a bleach transmission of at least 40
percent.
37. The photochromic organic ophthalmic article of

claim 20 wherein said matrix comprises polymer formed by
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FAC © - M xture of 90% fl uori nat ed aIk*%
f1 uori nat ed

al koxyl at es (CAS 68958-61-2] and 10%

‘al kyl “sul fonate [CAS 4151- 50- 2] . ﬁ 1i“r

"2 N e 2 AHAIHGNN NN
ol ynmeri zabl e Conpositions Exanple 1 x L s x
5 6 7 8 9 Basic Ingrggggnts, Parts SPA DAC 0
0 0 59. 71 0 0 0 0 0

polymerizing polymerizable composition comprising flexible

monomer.
38. The photochromic organic ophthalmic articleof
claim 37 wherein said flexible monomeriis selected from the
5 group consisting of (meth)acrylate of monoalkyl ether of
poly(alkylene glycol), monoaryl ether of poly(alkylene glycol)
mono ( {meth)acrylate), and a mixture thereof.
39. The photochromic organic ophthalmic article of
claim 37 wherein said flexible monomer comprises
10 pol?((meth)acrylate) of alkoxylated polyol containing at least

9 alkoxy groups.
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TBBPA 2EO DAC O ~0 0 11.50 0 _/% 0 0 0

0" BPA 2.5EO DNMA 42.0 42.9 50.0 0 0 25 70.84 77
43.5 BPA 10EO DVA 3.0 9.6 0 0 0 0 0

0 0 PEG 600 DVA 20.0 0 0 0 0 50 0
0 21.0 MOPEG 1000 MVA O 0 0 0 0 0
21.16 23 0 UR1 0 0 0 0 18.2

0 0 0 0 UR-2 0 0 0 9. 83 0

0 0 0 0 UR3 apstract of tH: D 5916519_1-@ 0 0 0
0 0 0 0 UR4 0 .9 0 0
0 0 0 0 TWMP 15EO TA 0o - 14. 9 0 - 0 0
0 0 0 0 D EB 6.0 6.-8 3.7 .0 0
0 0 0 oOrgénit dpAkRalmic articles afe phot®chromic(Qand hav@. 56
64.0 0 0 0 0 PHEMA 20.0 13.9 8.1 0

0 0 high indicef® of 2efrmctibRDIVA ) 0 0 0

0 25 0 ' 0 0 AMS 0 0 9.0 0

0 05 0 0
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ATA oL 2 SHEETS Q 0 1.50 0y o0 o. .0
o o o R0~ 0 0.60 /0 o 9
0O DE@& DAC: . S M0 0 B 0 0 7.8 0 - 0

0 DEGDACMX -~ 0 o o0 0 0.0 0 .0

0 PGDB o o 0 0 “10.00 o - ‘'

0 PEG 200 DB s 8.7 6.7 0 -1 -0 0 0 0

8.7 CLN . 00 "0 - 10.0 0 0 0 =1

0 0 BPTP HIGH REFRACTIVE ONDEX LQ{OTOCHR@M ¢ opgMiarmMrc @rricLe O

8. 00 0 0 TPP 0.3 0.3 0.1 0. 10 0 0
0 0 @n3s PEPE continuation- 1n0part 3% %DDIQCgClOQ gg%xal %b

0 0 0 0.15 - HVBP . 0075 O
0 0 08/198,159 filed October 15, 1993.

The present invention is an improvement to photocAromic
organic ophthalmic articles. As used herein and in the
claims, a photochromic compound or article is one which
reversibly changes from a light color or colorless state to a
darker color when exposed to ultraviolet light (darkening)
and then rsturns tc its original light color or colorless
state when removad from the influence of ultraviolet light
(bleaching) and is capable of undergoing many sucn cycles of
darkening and bleaching.

Photochromic ino*gan-c glass ophthalmic lenses having
high indices of rafraction are known, but such glass lenses,
particularly those providing large optical corrections, are
neavy and often uncomfortable to wear. Fhotochromic organic
ophthalmic lenses having low indices of refraction are known,
but while they may provide some reduction in weight as
compared to glass lenses, they suffer from the reguirement
that the volume of the lens must be irordinately large.

There is a need for photochromic ophthalmic lenses and
cther ophthalmic articles such as lens blanks, face plates,
and the like, having not onlv reduced weight as comparsed with
photochromic glass lenses but also reduced volume as compared
with the known photochromic organic lenses. The presen:
invention servas the unique function of concurrently
providing photochromism, low weight, and low volume to

ophthalmic articles.
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3 4 5 6 7 8 g

0.75 0.3 3 2:25 0 0 : b1 ] 0.5 0
0.1 O 0 0.5 0.4 O O TBEC! 255EP s 0.25 O

0 0 0 0 0.5 A por{ion of each |p|1|ated

pol yneri zabl e conposition was poured _igto ope or-more—ftat sWeet nol ds
havi ng the dinmensions shown in Table 3. b .

Accordingly, in a photochromic organic ophthalmic
article comprising in combination: (a) a thermoset organic
polymeric matrix having a front surface and rear surfacgj and
(b) photochromic cempound, one embodiment of the invention is
the improvement wherein the article has a refractive index at
20° C and a wavelength of 589.3 nanometers is at least 1.53.

The high refractive index photochromic oxganic
ophthalmic articles of the present invention are particularly
advantageous when the absolute value of optical correction is
at least 2 diopters. The advantagas become more pronounced
as tﬁe absolute value of optical correction extends to higher
values. Nevertheless, the principles of the present
invention are also applicable to plano ophthalmic arcicles
and to ophthalmic articles having small optical corrections.
In many cases these articles are lighter because the matri:
of the article is of lower density than that of a
corresponding article of lower refractive index.

Photochromic compound, mixtures of such compounds, or
'compositions cpntaining the same (hereinafter "photochrcmic
substances") may be incorporated into a matrix or a portion
thereof by various methods described in the art. Such
methods include dissolving or dispersing the substance within
the matrix, e.g., imbibition of the photochromic substance
into the matrix by immersion of the host material in a hot
solution of the photochromic substance or by thermal
transfer. Alternatively, the photochromic substanca may be

included as a component of the polymerizable composition
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Table 3 Mol d di nensi.ons. Exanple. .

1 2 3 4 5 6 7 8 9 Mld dinensions;;inm 524X 304.8 X 3.17
X X X X - X X X 152.4 X152.4-X-6-35 """
X X 152.4 X 152.4 X 3.17 b X 152, 4;X 175 X 3.17

X A portion of the initiated polynerizaﬂlé conposi tion of !Exanple 5 was
poured into a 6-base plano lens nmold. The nolds were placed in an air
oven and the initiated polynerizable coﬁp@sitions were cured using one of

the cure cycles shown in Table 4. -

which is polymerized to form the matrix polymer. The term

"imbibition" or "imbibe" is intendeé to mean and:iﬁclude
permeation of the photochromic substance alone into the
matrix, solvent assisted transfer abso%ption of the
photochromic substance into a porous polymer, vapor phase
transfer, and otﬁef such transfer mechanisms. See U.S.
Patent No. 5,066,818 colﬁmn 14, line 41 to column 15, line 25
for examples of the above method.

It is preferred that the photochromic compound(s) be
imbibed into at least one surface of the photochromic
article. Therefore, in a photochromic organic ophthalmic
article comprising in combination: (a) a thermoset organic
polymeric matrix having a front surface and a rear suxrface;
and (b) photochromic compound impbibed into at least one of
the surfaces, another embodiment of the invention is the
improvement wherein the article has a refractive index at 20°C
and a wavelength of 589.3 nanometers of at least 1.53.

Most photochromic compounds comprise several rings, one
‘of which opens and closes as the compound is transformed
between the light and dark states. The ability of
photochromic ccmpounds td open and close involwves both
physical and chemical interactions with the polymeric matrix.
Although high refractive index polymers are known, many, if
not most, are unsatisfactory as polymeric matrices £for
photochromic compounds becausa such ccmpounds do not function
photochromically in association with such polymers. Thers

are two reguirements for the polymeric matrix used in the
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present invention. The first is thgt it have a @iqh
refractive index, that is, an index at 20°C and a wavelength
of 589.3 nanometers of at least 1.53, and second, that _
photochromic compound(s) dispersed in ;t least a portion of
the matrix be able to function in a photochromic manner.

The matrix comprises polymer formed by polymerizing a
polymerizable composition comprising at least one high

refractive index imparting monomer. Such monomers are

usually aromatic compounds, sulfur containing compounds, ox

aromatic compounds containing sulfur. Ths monomers
themselves are either well known or can ba prepared by
procedures well known in the arc. Examples of high
refractive index imparting monomers include: thiophosphace
esters as described in JP 04-249534; styrene; brominated
styrene; chlorinated styrene; divinyl benzene;
isopropenylbenzene; vinyl naphthalene; isopropenyl
naphthalene; bis(vinylthio) benzene-as described in JP 02-

53809; vinylbenzene thiophosphite ester as described in JP

“04—308597; polythiol (meth)acrylate as described in JP 03-

11054; vinyl phenyl phosphines as described in U.S.

5,086,140; S-phenvlmethvl thio(meth)acrylates as described in

JP 01-115910; polyfunctional thio(meth)acrylates as disclosed

in JP 01-297242 and EP 0336361; bisphenol
bis((meth)acrylates) and ethoxylated bisphenol -
bis({meth)acrylates) as described in U.S. 4,306,780, GB
2,076,836, JP 02-111742 and JP 02-111743; naphthalenediol

bis((meth)acrylates) and ethoxvlated naphthalenediol

34
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50 bis((meth)acrylates); aromatic thioﬁmech)acrylates as

described in GB 2,093,843; allyl naphthalene carboxylate;
diallyl naphthalene dicarboxylate; allyl benzoate; bisphenol
bis(allyl carbonates) and ethoxylated gisphenol bis{allyl
carbonates); naphthalenediol bis(allyl carbonates) an
ethoxylated naphthalenediol bis{allyl carbonates);
thiocarbamates as described in U.S. 4,680,369, U.S.

4,689,387, U.S. 5,013, 496, U.S.

Ui

. 021,503, U.sS. 5,191,055,
U.S. 5,191,061, U.S. 5,194,599, EP 0530737, and JP 04-117354;

vinyvlbenzene terminatsd thicethers as described in JP 02-

g4

53753, g2 02-268152, JP 03-157061, JP 04-198205, and J» 04-
93309; divinylbiphenyl as described in JP 02-113009;
diisopropenylbiphenyl; ethoxylated phenol (meth)acrylates;
thiodiphenol bis((meth)acrylates); dimercaptophenyl sulfide
bis((meth)acrylates); bis{(meth)acryloyl)

poly(oxyalkylene) thiophenyl sulfides as described in JP 02-
247212; thiodiphenyl sulfide bis({meth)acrylates) as
dascriped in JP 04-202216; bis(vinylbenzene)thiocether
‘urethanes as described in DE 3903279;

vinylkenzoyl (poly)thicether (meth) acrylates; viﬁylbenzyl
terminated fpoly)thioether; dibenzvl fumarate; dibenzvyl
maleate; vinyl phenoxaéhine as described in EP 0320954;
ethylphenylvinylbenzodioxole as described in JP 01-156306;
ethylphenylvinyl benzodithiole as described in JP 01-156306;
N-substituted benzylthiazoline-2-thione as described in J2
03-041110; vinylmercaptobenzoylthiozole as described in JP

02-265907; acryloylmercaptobenzothiozole as described in Jp
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02-265907; dibenozfuranyl (meth)acrylate as described in JP
03-017107; vinylbenzyl thiocether thio(meth)acrylates as
described in JP 03-296508; tri(styrylmgthyl)thiocyanurate as
described in JP 03-145601; (meth)acryloyl(thioc)carbamates as
described in JP 02-298506; dihydroxybenzene
bis{(meth)acrylatss) and ethoxylated dihydroxybenzene
bis(({meth)acxylates); dihydroxybenzene bis{allyl carbonates)
and ethoxylated dihydroxybenzene bis(allyl carbonates).

One high refractive index imparting monomer or a mixture
of Ewo or more such moncmers may be used as desired.

The following high Yefractive index imparting moncmers
are preferred: bisphernol A bis((meth)acrylate), ethoxylatsd
bisphenol A bis({(meth)acrylate) containing from greater than 0
to 10 ethyleneoxy (E0) groups, .phenoxyethyl (meth)}acrylate,
thiodiphenol bis((meth)acrylate), styrene, a-methylstyrene,
divinylbenzene, diisopropenylbenzene, diallyl phthalate and
-bisphenol A bis(allyl carbona;e).

The diallyl phthalate may be diallyl o-phthalate, diallyl
m-phthalate, diallyl p-phthalate, or a mixture thereof. In
most, but not all, instances the diallyl phthalate constitutes
from 0 to 40 percent by weight of the total monomer of the
composition. Often the diallyl phthalate constitutes from 0
to 25 percent by weight of the tcotal monomer of the

composition. From 0 to 10 percent by weight is preferred.
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When diallyl phthalate is used it usually constitutes from 0.1
to 40 percent by weight of the total monomer of the
composition. Often the diallyl phthalate constitutes Trom Q.5
to 25 percent by weight of the total monocmer of the
compositicﬁ. From 1 to 10 percent by weight is preferrad.

One of more monomers which do not impgrt high refractive
index to the matrix may cptionally be present in the
polymerizable composition. There are many such monomers.
Examples include the diacrylates and .dimethacrylates of
eth?lene glycol, 1,3-propane diol, propylene glycol, 2,3-
butane diol, 1,4-butane diol, 2-ethylbutane-1,4-diol, 1,5-
péntane édiol, 1,6-hekans cdiol, 1,7-heptane diol, 1,8-octane
dicl, 1,10-decane diol. 1,4-cyclohexane diol, 1,4-
dimethylolcyclohexane, 2,2—diethylpropane—l,3—diol, diethylene
glycol. triethylene glycol, dipropylene glycol, neopentyl

glycol; the triacrylates, trimethacrylates, diacrylates and

. dimethacrylates of glycerol, 1,1,1l-trimethylol propane an

trimethylol ethane; and the tetraacryiéces,
tetramethacrylates, triacrylates, trimethacrylates,
diacrylates, and dimethacrylates of erythritcol. Examples of
such monofunctional monomers that may be present may include
methyl acrylate, methyl methacrylate, ethyl acrylate, ethyl

methacrylate, propyl acrylate, propyl methacrylate, butyl

This Sheet Has Been Replaced
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acrylate, butyl methacrylate, hexvl acryvlate, hexyl
methacrylgte, oétyl acrylate and octyl methacrylate.

In those instances.where high refractive index polymex
does not function satisfactorily as ths matrix in the present

invention because the photochromic compound does not function

(o

n a photochromic manner, then by slight reformulation of the
polymerizable composition which was polymerized to produce
such polymer, a satisfactory polymer may be obtained. This-
may be accomplished by including one or more flexibilizing
comﬁounds in amcunts sufficient so that the photochromic
compound is able to switch between its dark and bleached
states.

Cne manner of such reformulation is to include one
or more mono or multifunctional flexible monomers in the
polymerizable composition. Examples of such monomers include
poly(alkvlene glycol) bis((meth)acrylates), the (meth)acrylate
.0f monoalkyl ether of poly(alkylene glycol); moroaryl ether of
poly{alkylene glycol) mono((meth)acrylates); vicinally
aliphatic polyurethanes containing terminal bisallyl-,
monoallyl/mono (meth)acrylyl, or bis{(meth)acrylyl) functicnal
groups such as described in U.S. 4,994,208, U.S. 5,200,483,
U.S. 5,221,721 and U.S. 5,236,978; polv(diethylene glycol
carbonate) bis{allyl carbonate}; polythicether

poly((meth)acrylate), vinylphenyl terminated polythiocether;
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thiocarbamates: and thiocether thiomgthacrylates ;ucp as
described in JP 03-127771; ethoxylated urethane
(meth)acrylates such as described in JP 02-151410; S- —
phenylmethyl thio(meth) acrylates such as described in JP 01-
115910; ethylenically unsaturated and poly(ethylenically
unsaturated) terminated vicinally aliphatic polyester
thiocarbamates, ethylenically unsaturated and
poly(ethylenically unsaturated) terminated vicinally aliphatic
polyether thiocarbamates; ethylenically unsaturated and
pol?(ethylenically unsaturated) terminated vicinally aliphatic
polycarbonate thiocarbamates; ethylenically unsaturated and
poly(ethylenically unsaturated) terminated_vicinally aliphatic
thiocarbamates having internal combinations of ester, ether
and/or carbonate functionality; polyfunctional thio (meth)
acrylates such as described in JP 01-297242; bisphenol
bis((meth) acrylates) and ethoxylated bisphenol
-bis((meth)acrylates) as described in U.S. 4,306,780, GB
2,076,836, JP 02-111742, and JP 02-111743; vinylphenyl
terminated polysthers such as described in JP 04-93309 and JP-
04-198205; bis((meth)acryloyl) poly(oxyalkylene thiophenol
sulfides such as descriked in JP 02-247212; (meth)acrylyl
(thio) carbamates such as described in JP 02-298506;
poly(butylene glycol) bis((meth) acrylates) such as described

in U.s. 5,183,870; poly(alkylene glycol bis((meth)acrylates) ;

This Sheet Has Been Replaced
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The cure cycle used in each Exanple is shown in Table 2 e
Table 5 Exanple 2 3 4 DT 8 9
Cure cycle A B C D D [ A"\ The

pol ymeri zates were allowed to cool in the oven:to about. 8QC and then they

)

were removed and dermol ded. The 3.17 nm thi ckipbl yeriZzai€s of Exanples 1,
2, 3, and 9 were cut into ten 50.8 mmx 50.8 $n1§gggig§wgnd”12,y nmm X
120.6 mm bars. The 3.17 mmthick polyq%[izate‘ of Exanples 4 and 5 were

cut into 12.7 nmand 120.6 nm bars. The 3.17 mm.thi ck- polénﬁgiiates of

P e Rt R ML T AW e Rl

tmenty-fiVgig?(ééégvgérylaﬁes).

Particularxly useful multifunctional flexible monomer

‘includes poly((meth)acrylate) of alkoxylated polyol containing
at least 9 alkoxy groups. Preferably such flexible monomer
contains at least 12 alkoxy groups. In most cases the alkoxy
groups are ethylenesoxy groups, propyleneoxy groups,
butyleneoxy groups, or a mixture of two or more.thereof. of
thess, ethyleneoxy groups are preferred. 1In thése instances
whefe the alkoxylated polyol has a hydroxyl functionality of
more than two, it is not nécessary that all the hydroxyl
groups be converted to (meth)acrylate; however, there should
be, on average, at least two (meth)acrylate groups per
molecule. Bis((meﬁh)acrYlates), tris{((meth)acrylates)},
tetrakis((meth)acrylates), pentakis{((meth)acrylates), and
hekakis((meth)acrylates) of alkoxylated polyols are
-contemplated. Examples of suitable polyols which can be
alkoxylated include ethylene glycol, 1,3-propane diol,
propylene lecol, 2,3-butanediol, 1,4-butanediol,
2-ethylbutane-1,4-diol, 1,5-pentanediol, 1,5-hexanediol,
1, 6-rhexanediol, 1,7-heptanediol, 1,8-octane diol, 1,10-
decanediol, 1,4-cyclohexanediol, 1,4-dimethylolcyclohexane,
2,2-diethylpropane-1,3-diol, diethylene glycol, triethylene

glycol, dipropylene glycol, neopentyl glycol, 3-hydroxy-2,2-

This Sheet Has Been Re,

e



31- 25.4 mm squares. The 6.35 nmmthick p@ 'rrerl zat es of .Exanples 4
and 5 were cut into ten 50.8 x 50.8 squares. i i~ Baré-were used for
determ ning heac distortion tenperature (HDT) at 0.25 mmdefl éction in
accordance with ASTM D 648-86. Either totalj defl’é*cﬂ@n (xTD) at 130[err]C
or alternately the temperature at which the |bar_was totally: deflected (i

n the range of from2.54 MMto 2.72 nm was ]determ ned by conpnw ng the
test in accordance with ASTM D. C11e e

dimethylpropyl 3-hydroxy-2,2-dimethylpropionate @CA§ 1115-20-
4], glycerol, 1;1,1—trimethylol propane, trimethylol ethane,
erythritol, pentaerythritol, dipentaerythritol, sorbitoct, and
mannitol. Following alkoxylation, two or more of the
available hydroxyl groups may -be converted to (meth)acrylate
groups by methods well known in the art.

Another manner of such reformulation is to include one ox
more aromatic ring-containing inert plasticizers.

Examples of such aromatic ring-containing inertc
Dla§u1c1zers include dioctyl phthalate, alkylene oxide
dibenzoate, alkoxylated phenol benzoate, alkoxylated naphthol
benzoate, bis(phénylﬁhio)propane—l,B, bis(phenylthioc) alkvisne
ether, the reaction product of phenyl chloroformate and
dimercaptan, the reaction product of dimercaptan and phosgene
endcapped with phenol, cinnamates, triphenyl phosphite, tri(2-
ethylhexyl) trimellitate; triisodecyl trimellitate;
-poly(alkylene.glycol) dinaphthoate, 2-ethylhexyl diphenyl
phosphate, isodecyl diphenyl phosphate,-and tricresyl

phosphate.

‘o

refarably the aromatic ring-containing inert
plasticizer is terminated on at least one end with an aromatic
ring. It is especially preferred that the aromatic ring-
containing inert plasticizer be terminated on at least two

ends with aromatic rings.



et

648.86. Bars were al so used for deterninaticn of i9*ct|ve rndex and
density. The results are shown in Table 6. '

Table 6 ' Physi cal Properties of Pplynnglzate§ Exanple 1
2 3 4 5 6 7 8 9> F&Tractlve, i ndex,
nferr]D 1.555 1.557 1.578 1.561 1.547 1.544 1i 560.1.552.1. 5§ Density @
21[err]C g/ 1.201 1.194 1.191 1.254 NO erir] 1.226 1. 199 1.199 1. 202
Barcol Hardness O0-second 11 27 - 123~ —48———ND-15-

11 10 15-second 5 23 19 11 29 13 0 9
4

Often, but not necessarily thg aromatic ring-containing
inert plasticizer has a refractive index at 20°C and a
wavelength of 589.3 nanometers of at least 1.48. In many
instances the refractive index at 20°Ciand a wavelength of
589.3 nanometers is at least 1.50. Preferably, the
refractive index at 20°C and a wavelength of 589.3 nanometers
is at least 1.51.

The following aromatic ring-containing plastiéizers
having refractive indices at 20°C and a wavelength at 589.3 nm
0f at least 1.48 are preferxred: poly(ethvliene glycocl)
dibénzoate, and poly(propylene glycol) dibenzocate, 1,3-
bis(ghenylthio)propane.

Organo pyrocarbonates are optional materials that may be
used to enhance resistance to yellowing of polymerizates.
Suitable examples of dialkyl pyrocarbonates that may be used
include: dimethyl pyrocarbonate [CAS 4525-33-1], diethyl
pyrocarbonats [CAS 1609-47-8], diisopropyl pyrccarbonate, di-
n-propyl pyrocarbonate, di-n-butyl pyrocarbonate, di-isobutyl

.pyrocarbonate; di-secondary butyl pyrocarbonate, di-tertiary-
butyl pyrocarbonate [CAS 24424-99-5], diamyl pyrocarbonate,
di-tertiary-amyl pyrocarbonate [CAS 68835-89-2], dihexyl
pyrocarbonate, diheptyl pyrocarbonate, di-2-ethylhexyl
pvrocarbonate, dinonyl pyrocarbonate, didecyl pyrocarbonate
and didodecyl pyrocarbonate. Examples of dicycloalkyl
pyrocarbonates include dicyclohexyl pyrocarbonate and
dicyclooctyl pyrocarbonate. An example of a

bis{cycloalkylalkyl) pyrocarbonate is di-4-tertiary butyl



HDT, [err]C 46 52 55 38.5 66---—=130 .-52.
TD, nm 2.13 1.57 2.54 2.67 0.84 ! 8371
@30[err]C @30[err]C @®6[err]C @4p[err]C @SO[err]C @.30[err]C
@30[err]C @30[err]C @30[err]C .[err]J\ID=Not Determ ned

cyclohexyl pyrocarbonate. Economicq;ly preferreq are
dimethyl pyrocarbonate and diethyl pyrocarbonate. The amount
of organic pyrocarbonate incorporated into the polymerizable
composition may vary. When used, onlyithat amount which is
sufficient to enhance the resistance to yellowing from
externally applied heat to polvmerizates prepared from such
compositions is required. Such amount may be referred to as
a heat-stabilizing amount and will usually be in the range of
from about 0.05 to about 0.5 percent by weight of ths
polymerizable composition. In many instances the amount of
orgaﬁic pyrocarbonate is in the range of from about 0.05 to
about 0.4 weight percent. From about 0.1 to about C.3 weight
rercent is preferred. The oxganic pyrocarbonate is
incorporated into the polymerizable liguid composition by
admixing the selected amount with mild agitation until the
pyrocarbeonate is dissolved in the polymefizable composition.
Triphenyl phosphite ([CAS 101-02-0] is another optional
material that may be used to enhance resistance to yellowing.
‘When used, the amount of triphenyl phosphite present in thé
polymerizable composition of the invention may also vary.
Only that aﬁount which is sufficient to further enhance the
resistance to yellowing from externally applied heat to
oolymerizates prepared from such compositions is required.
Such amount may be referred to as a further heat-stabilizing
amount and will usually be in the range of from about 0.05 to
about 0.5 percent by weight of the polymerizable composition.

Often the amount of triphenyl phosphite is in the range of

56



~32- Phot ochrom c resin sol utions (PRS)"were prepared by
t horoughl y adm xi ng the various ingredients. |The ident]ties: of t he
i ngredients and thei'r anounts were shown in Table 7

Tabl e 7 PRS - 1} | 23dg l;RE‘er P
85.5 parts Et hyl Cel | ul ose I 5 PC-1
5 PRS- 2 f Tolueng ™ -
S5.5 parts Et hyl Cell ul ose Sl s e 9.5
from about 0.05 to about 0.4 weight percent. From about C.1

to about 0.3 weight percent by weight is preferred. The
triphenyl phosphite is incorporated into the polymerizable
liguid composition of the invention byiadmixing the selected
amount with mild agitation until the triphenyl phosphite is
dissolved in the polymerizable compositioq.

Other optional materials may also be present in the
polymerizable composition. Examples cf such optional
materials include mold release agents, static (non-
photochromic) dyes, pigments, polymerizaticn inhibitors to
pro&ote stability during storage, and ultraviolet light
absorbers (other than the photochromic compounds),
antioxidants, and ultraviolet light stabilizers.

The listing of optional ingredients discussed above is
by no means exhaustive. These and other ingredients may be
employed in their customary amounts for their qustomary
purposes so long as they do not seriously interfere with good
polymer formulating practice. The polymerizable composition

‘may be homogeneous or heterogenecus, but usually it is
homogeneous.

Polymérization of the polymerizable composition may be
accomplished by adding to the composition an initiating
amount of material capable of generating fres radicals, such
as organic peroxy initiators cr organic azo-nitrile
initiators, and heating. Methods for polymerizing
polvmerizable compositions are well known to the skilled

artisan and any of those well known techniques may be used to
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polymerize the aforedescribed polymerizable composition.
Suitable examples of organic initiators include:
peroxymonocarbonate esters, such as tertiarybutylperoxy
isopropyl carbonate; peroxydicarbonateiesters, such as di(2-
ethylhexyl) peroxydicarbonate, di(secondary butyl)
peroxydicarbonate and diisopropyl peroxydicarbonate;
diacylperoxides, such as 2,4-dichlorobenzoyl peroxide,
isobutyryl peroxide, decanoyl peroxide, lauroyl peroxide,
propionyl peroxide, acetyl peroxide, benzoyl peroxide, p-
chlorobenzoyl peroxide; peroxyesters such as t-butylperoxy
pivalate, t-butylveroxy octylats, and t-

oxyisobutyrace; mathylethylketone peroxide,

o
=
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acetylcyclohexane sulfonyl percxide, and
azobis (isobutyronitrile). Preferred initiators are those

that do not discolor the resulting polymerizate, such as

ct

(o
-
'-l
)]

opropyl peroxydicarbonate.

The amount of initiator used to initiate and polymerize .
the polymerizable composition may vary and will depend on the
particular initiator used, the make-up of the composition,
e.g., the amount and type of ethylenically unsaturated
group(s) present, and the degree of cure. Only that amount
that is required to initiate and sustain the polymerization
reaction is required, i.e., an initiating amount. The
surface of the cured matrix should not be so hard that, in

one embodiment, imbibition of photochromic substances into

the matrix by immersion or thermal transfer is inhibited or
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prevented if that method of incorporating the photochromic

substance is used.

Photochromic compound, whether a single photochromic
compound or a mixture of photochromic éompounds, may be
imbibed into a surface of a matrix polymer after the polymer
is formed or it may be included as a component cf the
polymerizable composition prior to polymer formation. If
included as a component of the polymerizable composition,
then the initiator shouid be chosen so that it will not
destroy the photochromic ccmpound. In such instances, thes
initiator is usually an organic azo-nitrile initiator or a
peroxy initiator.

Photochromic compounds that may be utilized to prepars
photochromic articles of the present invention, such as those
heretofore described, are organic photochromic compounds or
substanées containing same that may be incorpérated, e.qg.,
dissoclved or dispersed; in the organic synthetic host
material used to prepare the photochromic articles. Many of
‘such compounds are described in the open literature. For
example, spiro(indolino)naphthoxazines have been described,
among otheré, in U.S. Patent Nos. 3,562,172, 3,578,602,
4,215,010 and 4,342,668. Spiro(indolino)naphthoxazines
having certain substituents on the 8' and 9' positions of the
naphthoxazine portion of the molecule are the subject of co-
pending U.S. Patent Application Serial No. 07/993,587, filed
Decemper 21, 1992. Spiro(indolino)pyridobenzoxazines are

described in U.S. Patent 4,637,698.
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Spiro(benzindolino)pyrido benzoxazines and
spiro(benzindolino)naphtthazines are described in U.S.
Patent 4,931,219. Spiro(benzindolino)naphthopyrans arse
described in Japanese patent publication 62/195383.
Spiro(indolino)benzoxazines are described in U.S. Patent
4,816,584, Spiro(indolinb)benzopyrans,
spiro(indolino)naphthopyrans and spiro{indolino) quinopyrans
are described, for example, in U.S. 4,880,667.

Spiro(indolino)pyrans are also described in the text,

Tacbniques of Chemistrv, Volume III, "Phrotcochromism®, Chaptexr
3, Glenn H. Brown, Editor, John Wiley and Sons, Inc. New York

1971.

Photochromic crgano-metal dithizonates, i.e

.7

(arylazo) thioformic arylhydrazidates, e.g., mercury
dithizonates, are described in, for example, U.S. Patent
3,361,706. Fulgides and fulgimides, e.g., the 3-furyl and 3-

thienyl fulgides and fulgimides are described in U.S. Patent

4,220,708. 3-pyrrol fulgides and fulgimides are described in

'U.S. Patent 2,170,202. Spiro(di)hydroindolizines are

described, for example, in U.S. patent 4,931,220 at column
20, line 65 through column 21, line 38.

Certain chromenes, i.e., benzopyrans and naphthopyrans,
are described in U. S. PAtents 3,567,605; 4,826,977 and
5,066,818. Naphthopyran compounds having certain
susstituents at the number 8 carbon atom and certain

substituents at the number 7 or number 9 carbon atom, all

substituents being on the naphtho portion of the
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naphthopyran, are the subject of co-pending U.s. gatenc
Application Serial No. 08/080,246, filed June 21, 1993.
Naphthopyrans substituted at the 3 position of the pyran ring
with (i) an aryl éubstituent and (ii)‘a phenyl substitugnt
having a 5- or 6- member heterocyclic ring fused at the
number 3 and 4 carben atoms of the phenyl substituent are the
subject of co-pending U.S. Patent Application Serial No.
08/080,250 filed June 21, 1993. Naphthopyran compounds
substituted at the number 8 carbon atom on the naphtho
portion of the naphthopyran ring with, for example, a methoxy
groﬁp are the subject of U.S. Patent 5,238,981. Naphtiopyran
compcunds, examples of which are 3-aryl-3-arylalkenyl
napnthopyrans are the subject of co-pending U.S. Patent

5,274,132. Certain benzopyran compounds, such as those
substituted at the 2 position of the pyran ring with at least
one ortho-substituted phenyl and which have a substituted or
unsubstituted heterocyclic ring, such as benzothieno or

. benzofurano ring, fused to the benz portion of the benzopyran
are the subject of co-pending U.S. Patent Application Serial

No. 08/030,932, filed March 12, 1993.

The disclosures of such photochromic compounds in the
aforadescribed patents and patent applications are
incorporated herein, in toto, by refersnce. The photochromic
articles of the present invention may contain one

photochromic compound or a mixture of photochromic compounds,



PRS- 9 Tol uene 87 8 part“ B
cel | ul ose 9.76 PC—4 : R
2. 44 In Exanples 1-4 and 6-9 photochron1c resin squLJOAS'mere spin
coated onto polynerizate squares. In Exanple 5 photochronVcwresnn sol ution
was spin-coated onto the lens. The coated pol ynerizates were. alupmed to

dry in air and then heated in a forced air oven at 135[err]C to ii nbi be

phot ochrom ¢ conpound(s) into the poryA8rizates. In Exanpl-es “1-4 and 6-9
an uncoated square was heated with the coated squares. The heating periods

are shown idk Teli€el. Mixtures of photochromic compounds may be used

Et hyl

to attain certain activated colers.

The amount of photochromic compound or compositian-
containing the same incorporated into Lhe matrix is not
critical provided that a sufficient amount is used to produce
a photochromic effect discernible to the naked eye.

Generally such amount can be described as a photochromic
amount. The particular amount used deperids often upon the
intensity of color desired upon irradiatior thereof and upoh
the method used to incorporate the photcochromic compounds .
Typieally the more photochromic compound incorporated, the
greater is the cclor intensity.

Gensrally, the amount of each photochromic substance
incorporated into the matrix may range from about 0.01 or
0.05 tq about 10 to 20 percent by weight. More typically,
the amount of photochromic substance(s) incorporated into the
matrix will range from about 0.01 to about 2 weight percant,
more particularly, from about 0.01 to about 1 weight percent,
he.g., from about 0.1 or 0.5 to about 1 weight percent, basasd
on the weight of the matrix. Expressed differently, the
total agouné of photochromic substance incorporated into an
optical matrix may range from about 0.15 to about 0.35
milligrams per square centimeter of surface to which the
photochromic substance(s) is incorporated.

The high refractive photochromic organic ophthalmic
article of the present invention has a refractive index at 20°

C and a wavelength of 589.3 nanometers of at least 1.53.
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Often the refractive index under the same conditions is at

least '1.54. In many cases, the refractive index under the
same'conditions is at least 1.55. Even higher refractive
indice;, such as at lsast 1.56, at lea;t 1.6, or at least
1.66, are preferred.

In many, but not all cases, the high refractive index
photochromic ophthalmic article has a bleach transmission,
that is, a luminous transmission of at least 40 percent.
Often the bleach transmission is at least 70 percent.
Preferably the bleach transmission is at least 8C percant.

The high refraccive index photochromic ophthalmic
articles usually, but not necessarily also have a h=at

dis

(n3

orticn temperature of at laast 35°C. Preferably the hea:

dis

r

ortion temperatuxzse is at lesast 40°C. As used in the
present specification and claims, heat distortion temperature
is determined in accordance with ASTM D 648-86.

As used in the present specification and claims 0-second
Barcol hardness and 15-second Barcol hardness are determined
"in accordance with ASTM-D 2583-81 using a Barcol Impressor

and taking scale readings immediately after and

| ol

5 seconds
after the impressoxr point has penetrated the specimen.

The invention is further described in conjunction with
the following examples which are to be considered to be
illustratcive rather than limiting, and in which all parts are
parts by weight and all percentages are percentages by weight

unless otherwise specified.
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In each Example, an initiated.polymerizable composition
was prepared by'thoroughly-admixing all basic inéredients to
form an uninitiated polymerizable composition and then
thoroughly admixing initiator with the'uninitiated

polymerizable composition. The identities of the ingredients

and their amounts are shown in Table 2.

EXAMPLES
In the Examples which follow, many of the materials area

abbreviated as shown in Table 1.

Table 1
Abbreviation Mgiiziél
BPA DAC - Bisphenol A bis(allyl carbonate).
T3BPA 2EO DAC Ethoxvlated tetrabromobisphenol A

bis(allyl carbonate) containing 2 EO

units.

BPA 2.5E0C DMA Ethoxylated bisphenol A
bis(methacrylate) containing 2.5 EO

units.

BPA 10EQ DMA Ethoxylated bisphenol A
bis(methacrylate) containing 10 EO

units.



PRS- 3 90 At the conclusion:gfithe heating:period,
the polynerizates viere renoved fromthe oven an ~t-e-¢coof"to room
tenperature. In Exanples 1-3 and 6-9 used phot ochrami _r_‘rhe;_§,i,iﬁnm coat ing was
renoved fromthe coated polynerizates with |69 RRET G
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Table 1(conkt.) )

PEG 600 DMA Poly(ethylene glycol) of moleculgg
weight 600 methacrylate-terminated at
both ends.

MOPEG 1000 MMA Poly(ethylene glycol) of molecular

weight 1000 terminated at one end by a
methoxy group and at the other end by a

methacrylate group.

UR-1 (Acrylate/allyl carbamate)-terminated
polyurethane made as stated in Example
2 of U.S5. 5,200,483 except that PHEMA
was substituted for diethylene glycol

bis(allyl carbonate).

UR-2 (Acrylate/allyl carbamate)-terminated
polyurethane made similarly to UR-1 but
butanediol was added first then the
blend of allyl alcchel and 2-
hydroxyethyl acrylate was added.

- UR-3 _ (Acrylate/allyl carbamate)-terminated
polyurethane made by the method
described in Example 2 of US 5,200,433
except that meta-a,a,a',a’-
tetramethylxylene diisocvanate was used
in place of isophorone diisocyanate and
decaethoxylated bisphenol A was used in
place of 530 moleculaxr weight

poly(carprolactone)diol.



acetone. In Exanples 4 and 5 used photochromc resin coating was renoved

fromthe coated polynerizates with water. In all Exanples the squares were
thoroughly washed with acetone to ensure that no excgsgs: phatochronic .
conpound was | eft on the surfaces of the inbibed squgitgd . =7 i n

Exanpl es 1-4 and 6-9 the net absorbance at either 346, mor 370 nm of nost
of the inbibed squares (viz., absorbance of the inbibed square in:the.
bl eached state minus the absorbance of the uncoated square) was determ ned

at room tenperature using a Varian Mdel Cary 3 spectrophotoneter. The
results are shown in Table 9.

... Table 9,
Net Absor bances Phaabthr omieont..) ‘Net Absor bance

UR-4 Methacrylate-terminated made as
described in Example 2 of US 5,200,483
except that 2-hydroxylethyl
methacrvlate was substituted for both
allyl alcohol and 2-hydroxyethyl
acrvlats.

TM? 15E0 TA Ethoxylated trimethylolpropane
tris(acrylate) containing 15 EO units.

DIPES 1,3-Diisopropenyl benzene.

DATI? Diallyl iscophthalate.

PHEMA 2-Phenoxvethyl methacrylate.

TDPDMA 4, 4'~-Thicdiphenol dimethacrylate.

AMS s a-Methylstyrene.

ATA a-Terpinyl acetate.

CH Cyclohexene

DEG DAC Diethvylene glycol bis(allyl carbonate) .

DEG DAC MIX A mixture of 60% diethylene glycol
pis{allyl carbonate) and 40%
poly(diethylene glycol carbonate)
bis(allyl carbonace) .

PGDB Propylene glvcol dibenzoate.

This Sheet Has Been R, laced

i



Exanpl e Resin Sol ution at 346 nm at 370 nm 1

PRS- 1 ND[ err] 1.04 1
ND 1.38, 1.27 1 PRS- 3
2.19, 2.09 2 PRS- 2 <
PRS- 3 ND 2.10 3
2.46 ND 4 PRS- 6 Fod
5 PRS- 5 ND- 2% - ND%
Taple ( ) : L
PEG 200 DB Poly(ethylene glycol) of moleculax

weight 200 benzoate-terminated at both

CY

ends.

CLN ' 1-Chloronavhthalene.

BPTP 1,3-Bis(phenylthio)propane.

PP Triphenyl phosphice.

DEPC Diethyl pyrocarbonate.

HMBP 2-Hydroxy-4-methoxybenzophenone.

IPP Diisopropyl peroxy dicarbonate.

BIPC tert-Butylperoxy isopropyl carbonate.

TBEC tert-Butylperoxy 2-ethylhexyl carbonate

- -dimethoxy)phenyl-3-(4-

PC-1 3-(2,4-dim v) pheny
methoxy) phenyl-3H-naphtho(2,1-b]
pyran.

PC-2 3(2-fluorophenyl) -3 {4-methoxyphenyl) -8~
methoxy-9-carbomethoxy-3H-naphtho(2, 1-
blpyran.

BC-3 1,3,3,4,5 (and 1,3,3,5,6) -pentamethyl-

9'-methoxycarbonyl-8'-acetoxy-
spiro[indoline-2,3'-[3H]lnaphth{2,1,b] -

(1,4)oxazinel.
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Absor bances

Resin Sol ution

1.77 ND

8 PRS- 9
ND 1.42

PC-4

FRD

- FAC

7

Table 9 (cont.) Net
Phot ochrom c “Net Absorbance. Exanpl e
at 346 nm at 370 nm 6 PRS-
PRS- 8 i1 2,70 ~'ND .
2. 67 ND Sl Qg rmognn. 1 PRS-2
PRS- 3 ¢ i ND T T 2.21
- 25 - o T
Table 1 (conkt.)

1,3-dihydro-3,3,4,5 (and 3,3,5,6)-tetra-
methyl-1-propyl-spiro[2H-indole-2,3" -

(3H)pyrido{3,2-£f}(1,4)benzoxazine] .

1,3-dihydro-3,3-dimethyl-5-methoxy-1-
propyl-spiro(2E-indole-2,3'-

(3H]pyrido({3,2-£f} (1, 4)benzoxazine] .

3(2-flucrophenyl) -3 (4-methoxyphenyl) -8-
methoxy-3H-naphtho (2, 1-blpyran.

N—(2—ethoxyphenyl)"h'-(2-ethylphenyl)

ethanediamide.

Bis(1,2,2,6,6-pentamethyl-4-pipexdinyl)
(3,5-di-tert-butyl-4~-hydroxybenzyl)
butyl propanediocate [CAS 63843-89-0].

Sandox Forone Rubine S$-2GFL dye C.I.
Disperse Red 167:1.

Mixture of 9%0% fluorinated alkyl
alkoxylates [CAS 68958-61-2] and 10%
fluorinated alkyl sulfonate [CAS 4151-
50-2]. (3M FC-171)



~[err] ND = Not Determ ned Phot ochrom c performances for i nbibed
squares of Exanples 1-4 and 6-9 were determ ned on an opt| cal bench. The
bench was mounted with a 300 watt Xenon arc |anp opefdtéd at, abaut, ...200
watts, a renote controlled shutter, a Schott WG 320 nLH\ Midter

S

7

whi ch renoves short wavel engt h radi ation; neutral de !ty fllter(s) iand a
constant tenperature water bath in whi ch t he square to be t estetl xWast |
imersed. A collinmated beam of light froyoa tungsten Ianp was passed
t hrough the square at a small angle to the normal tojthe the square.” After
passing through the square, the |ight frQm the tungsten lanp inpinged : a
beam splitter which split the Q&M&Wﬁeam of equal
intensity. The unrefl ected secondary beam was rrected through a 620 nm
band pass fiilter,L0 a detgctor. 'The3 reflected secondary beam yas directed
through a 4%gsgg1f%%ngd1eqts,

Paxts

BPA DAC 0 0 0 59.71 0 0 0 0 0
TBBPA 2EO DAC O 0 0 11.50 0 0 0 0 0
3PA 2.5E0 DMA 42.0 42.5 S0.0 O ) 25 70.84 77 43.5
BPA 10EO DMA 3.0 9.6 0 0 0 0 0 0 0
PEG 600 DMA  20.0 O 0 0 0 S0 0 6 21.0
MOPEG 1000 MMA O 0 0 0 0 0 21.16 23 0
UR-1 0 0 0 0 18.2 0 0 0 0
UR-2 0 0 0 9.383 0 0 0 0 0
UR-3 o 4.9 0 0 0 0 0 0 0
UR-4 0 0 18.9 0 0 0 0 0 0
TMP 15EO TA 0 14.9 0 0 0 0 o 0 0
DIPEB 6.0 5.8 3.7 0 0 0o "0 0 6.0
DAIP 0 0 0 6.56 54.C 0 0 0 0
PHEMA 20.0 13.9 8.1 O 0 0 0 0 20.5
TDPDMA 0 0 0 0 0 25 0 0 0
AMS 0 0 9.0 0 0 0 0 0 0
ATA 0 0 0 1.50 0 0 0 0 0
CH 0 0 0 0.60 0 0 0 0 0
'DEG DAC 0 0 0 0 7.8 0 0 0 0
DEG DAC MIX 0 0 0 0 10.0 0 0 0 0
PGDB 0 5 0 0 10.00 0 0 0 0
PEG 200 DB 8.7 6.7 © 0 0 0 0 0 8.7
CLN 0 0 10.0 0 0 0 0 0 0
BPTP 0 0 0 0 0 0 8.00 O 0
TPP 0.3 0.3 0.1 0.10 O 0 0 0 0.3
DEPC 0 0.1 0.2 0.20 0.3 0 0 0 0.15
HMBPD 0 0 0 0.0075 0 0 0 0 0



-38- pass filter to a detector. Alternatively the unreflected_  secondary
beam was directed through a photopic filter to a detector.  The:photopic
filter passes wavel engths such that the detector ninics the respgnse of
the human eye. The output signals fromthe detector(s) were prdcessed by a
radi oneter which delivered data to a conputer. . . iithéﬁg%?¢nzoﬁtica
density ([err]OD) was determined by closing the shutter_from.tHeiXenon

| anp, inserting an inbi bed square i

-27- ! 1

Table 2 (cont.)
Example 1 2 3 4 ) <) 7 8 9
Initiator,
Parts —
IPP 1.5 0.75 0.3 3 2.25 0 0 0.04 1.5
BIPC 0.5 0 0.1 0 0 0.5 0.4 0 0
TBEC 0 0.25 0 0 0 0 0 0 0.5

A portion of each initiated polymerizable composition was

poured into cne or more flat sheet molds having the dimensions

shown in Tabls 3.

Table 3
Mo.d dimensions
Example 1. 2 3 4 o) 5 7 8 9
Mold dimensions, mm
152.4 X 304.8 X 3.17 X X X X X X X

152.4 X 152.

i
=
[0))
(%)
w
s
b

152.4 X 152.

>
s
w
s
~J
s

152.4 X 175 X 3.17 X

A pertion of the initiated polymerizable composition of Example 5
was poured into a 6-base plano lens mold.

The molds were placed in an air oven and the initiated
polymerizable compositions were cured using one of the cure

cycles shown in Table 4.



in the bleached state into the water bath which had a predetermnm ned
tenperature, adjusting the transmttance scale to 100'et;]\~ppeaing 1 he
shutter fromthe Xenon |anp to provide ultraviolet Fa;tattgn;to ‘cthange the
i nbi bed square fromthe bleached state to an activated (i.e., darkén?d)
state, neasuring the transmttance in the activated éta@ € S|ihdyts L
cal cul ating the change in optical density according tq the fornula 3
[err] OD=l 0og(100/ %a) where [err]Ta is thg percent tir ansm tTtafce in’ the
activated state and the logarithmis to The base 10. The period of .
exposure to the ultraviolet light fromthe Xenon lanp at the tine the
percent transmttance is deterninedoé§§§§§25%§ﬁxcept i n. some instances
when the exposure period is |long en re that a substantially
saturated state (i.e . a state of su6§¥§ﬁ$¥§#?y5naX|nqgl' .

r Oven 'I'Qmp rature “C

0 . 34 -
24 36
32 44
34 45
36 48
38 S0
40 54
42 58
44 a4
25 69
48 . 85
49 105
45.5 ; 130
50.5 130 (End of cycie)

¥ e
um ive H ven Te re °
8] 35
~16 35
24 44
28 45
28 43
30 50
32 54
34 58
36 &
38 69
40 85
41 105

42 125 (End of cycle)



darkness) has been obtained. The tenperature of the water.:. .bath. s - also

not ed. In those instances when the;bleach hal f - Jlfe
Tlerr] is to be found, the exposure period is continued |ong enough to
ensure attai nnent of a substantlally unsat urated state andsihe. SAQD | I's then
determ ned. The shutter fromthe Xenon lanp is ésed and the ting |
required for the [err]OD to decrease to one- halfuof ThHée [err]CD at§
substantial saturation is determ ned. Thjs

re Cvcle

Cumulative Hours Qver, Temperature °C
0 44 :
2 46 .
4 48
6 50
8 54
10 58
12 64
14 . 69
16 85
17 105
17.5 | 130
18 ) 130 (End of cycle)
) Cuxe Cvcie D
Cumulative Hours Qvan Temperature °C
0 44
2 45
4 48
6 S¢
8 54
10 58
12 64
14 69
16 85

17 105 (End of cycle)



time interval is taken as the bleach half life. V%en fatlgue |s to be
found, the [err]OD of the substantially saturated;staf St

det ermi ned. The i nbi bed square is then exposed at!52 : ‘1o’

ultraviolet light in a QU YV Accelerated Véatherlng Tester for an exposure
period which is noted and which is taken as the fathge tE e, At*the end
of the exposure period the inbibed square is allowed to return td ithe

bl eached state .and then the [err] OD of the-substantially™ saturated.state
is determ ned on the optical bench using the sane: procedure. and. water bath
tenperature as before. Fatigue is taken as the percent decrease in [err] OD
of the substantially  saturated state as conpared with the-[err]CD prior to

exposure in the Q UV Accel erated @Eéﬁh§¥FH§J?ester. In Exanple 5
t he percent SuHawipeaHeersf the inbi bed | en®VRR FHERPFTEERedCst ate was
det ermi ned using®a Spectro Gard 90 —

5.5 ' ' 92

10 96

11.5 99

13.5 101

15 _ 107

- 16.5 . 112

17 120

17.5 125

21.5 125 (End of cycle)

The cure cycle used in each Example is shown in Table 5.

Table &
Example 1 2 3 4 5 8 7 8 9
Cure cycle A B C D D E E D A

The polymerizates were allowed to cool in the oven to about
80°C and then fhey were removed and demolcded. The 3.17 mm
thick pol ymerlzatns of Examples 1, 2, 3, and.9 were cut into
ten 50.8 mm X 50.8 mm squares and 12.7 mm X 120.6 mm bars.
The 3.17 mm thick éolymerizates of Examples 4 and 5 were cut
into 12.7 mm and 120.6 mm bars. The 3.17 mm thick
polymerizates of Examples 6, 7 and 8 were cut into 40 mm x 40
mm squares and 12.7 mm x 120.6 mm bars. The 2 mm thick

polymerizate of Example 1 was cut into twenty-five 25.4 mm x



|1 Spectrophotoneter. The | ens was then exposea"fbr -10. minutes to the

Syl vani a GIE Bl ackl i ght Bl ue F40/BLB 40 watt Ilght bul.bs:. p03|t|oned about
30.5 mm above the |l ens. The

-40- percent transmttance was then quickly neasu?éﬁ,"RThﬁ change in
optical density was then cal culated fromthe fiorimul a

[err] OD=l og(| 00/ %la)-1og(l00/[err]Th) where [er]TA is the” perc?nt
transmttance of the activated state, [grr]Thiis.the_percent _ |

25.4 mm squares. The 6.35 mm thickhpolymerizateg of Examples
4 and S were cut into ten 50.8 x 50.8 sqguares.

Bars were used for determining heac distortion
temperature (HDT) at 0.25 mm deflection in accordance with
ASTM D 648-86. Either total deflection (TD) at 130°C or
alternately the temperature at which the bar was totally
deflected (in the range of from 2.54 mm to 2.72 mm) was
determined by continuing the test in accordance with ASTM D
648.86. Bars were also used for determination of refractive

index and cdensity. The results ars shown in Table 6.

Table &
Phvsi 1 ropnercis f Pol:s i
Example p 2 3 4 5 6 7 8 9

Refractive

Index,n2%D 1.555 1.557 1.578 1.561 1.547 1.546 1.550 1.552 1.556

Density @

21°C g/mL 1.201 1.194 1.191 1.254 Npl 1.226 1.18S 1.189 1.202

'Barcol

Eardness

Q-second 11 27 23 18 ND 15 0 11 10
15-second 5 23 19 11 29 13 0 9 4
HDT, °C 46 52 55 38.5 &6 >130 52 61 56
TD, mm 2.13 1.%57 2.%4 2.67 0.84 0.13 1.42 2.44 1.83

@130°C @130°C @96°C @54°C @130°C @130°C @130°C @130°C @130°C

lyD=Not Determined



transmttance of the bleached state, and the logarithnms are to the base

10. The results of photochrom c performance testing are shown in
Tabl e 10-19 where the tenperature, abbreviated tenpr::; at  af Tt he

wat er bath the the wavel ength is abbreviated [err]. o

Tabl e 10 . Exanple 1 'Photochronlc P

Bl each Fatigue Resin (© DI T[err]

Time, Fatigue Solution Tenp [err]C [erég,rnn 30 sec 15 min sec hr
[err] [err] PRS- 1 22.°7F " 480 0.068 ~ '0.,430 228
ND1 ND PRS- 2 22.2 480 0. 079 0.298 178 ' ND

ND PRS- 3 22.2 620 0. 094 0. 428 124 - - ND ND
PRS- 1 35 0. 061 0.179 69 25 37

80 . .
Photoé%romlc resin solutions (PRS) were prepared by
thoroughly admixing the various ingredjents. The identities of

the ingredients and their amounts were shown in Table 7.

Tat 7

ERS—‘Y
Toluene 85.5 parts
Ethyl Cellulose 9.5
PC-1 5

'DE S-z
Toluene 85.5 parts
Ethyl Cellulcse S.5
BC-2 5

I=} -1
Toluene 85.5 parts
Ethyl Cellulose 9.5
PC-3 ' 5

D -4
Toluene 86.6 parts
Ethyl Cellulose 5.6
PC-4 3.8

This Sheet Has Been Repl

T



PRS- 2 35 480 0. 066 0.123 35 25 .. 26 PRS- 3
35 620 0.072 0.122 24 50 _ u"'43uﬁQERS?2Lﬁ;§ 22.2
PHOTOPI C 0. 078 - 0.186 192 25 36 s L
50 56 PRS- 3 22.2 PHOTOPI C 0. 161 E ; 0.435 136 | % 25
o5 : L 2D SEPBHS | 1 39
-41- T
ERS-5
2,4-Pentanedione 35.19 parts
n-Butanol 17.59 o
Cyclohexanone 21.99
N-Methylpyrrolidincne 2.64
Ethyl cellulose 1.76
Poly(vinylpyrrolidene) X-30 8.80
PC~1 2.40
PC-4 2.32
PC-5 2.00
PC-6 1.28
ED 2.66
PD 1.34
FRD 0.016
ERS-9
PRS-5 95.986 parts
FAC 0.020
PRS-7
Toluensa 88.2 parts
Ethyl cellulose 9.8

PC-4 2.0



Table 11

Exanmpl e 2 Photochrom c

Bl each Fatigue Resin [err] CD
[err] Time, Fatigue Solution Tenp..[err]C [err], Am:" 30864 . "L5Mh
sec hr PRS- 2 22 . 2 PHOTOPIC O . 07 8 5“;03187“4?&94; ~v 25
33 Lo 50 '
PRS- 3 22 . 2 PHOTOPI C 0. 137 0. 405 1541 :25 ~ 772 3Bb
50 37 _1a- Tabl e 12 5
Example 3  Photochromic ) L ‘Bl'each’
Fati gue Resin ) [err}OD .. .. .. Terr]
Time, Fatigue Solution Tenp. C [err];mﬁ%#go sec 15 mn.- sec hr
[err] :

Toluene 87.4 parts

Ethyl cellulose S.7 -

PC-4 - 1.94

ED 0.64

PD 0.32

BRS-9

Toluene 87.8 parts

Ethyl cellulose $.76

PC-4 : 2.44

In Examples 1-4 and 6-9 photochromic resin solutions were

spin coated onto polymerizate squares.

photochromic resin solution was spin-coatasd ont

In Example S

fto the lens.

The coated polymerizates were allowed to dry in air and then

heated in a forced air oven at 135°C to imbibe

‘compound (s) into the polymerizates.

an uncoated square was heated with the coated squares.

heating periods are shown in Table 8.

photochremic

In Examples 1-4 and 6-9

The

55



PRS-4  29.4 620 0. 158 0.376 60 75
Tabl e 13 Exanpl.e; 4 . Phatpchr-oni.c
Bl each Fati gue Resin . et} 0Dy

_'§0 sec

T[err] Time, Fatigue Solution Term [err]C [eﬁrﬁ,nn1 .
2mn 10 mn sec hr [err] PRS- 6 222 PHCIEPLG 0. 136 0. 372
0.520 185 25 5 P o
75 10. _3s.- Tabl'e 14
Exanpl e 4 Photochrom c Resin e
[err] OD Sol ution Temp.,[err]C [err],nm
10 sec PRS- 5 Anmbi ent Vi si bl e Spectrum
0. 379 : Table 8
i Perij 135°¢
Photochromic Resin Heating Pezlod,
£ e Solution Min. approximate
1 PRS-1 45-50
1 PRS-2 75
1 PRS-3 ' 90
2 PRS-2 75
2 PRS-3 90
3 PRS-4 50
4 PRS-6 30
5 PRS-5 140
6 PRS-7 105-210
7 : PRS-8 45-60
8 PRS-9 80-85
9 PRS-2 75
9 PRS-3 90

At the conclusion of the heating period, the polymerizates
ware removed from the oven and allowed to cool to room
Cemperature. In Examples 1-3 and 6-9 used photochromic resin

coating was removed from the coated polymerizates with



Tabl e 15

Bl each Fatigue Resin

Exampl e 6 Photochron1c

Time, Fatigue Solutiron Tenp. [err]C [err], § 3Dmse0'2 n1n

hr  [err] PRS- 7 29. 4 620 0. 225 0. 374A_0 455 43 75
81 Tabl e 16 . A S;..:

Exanpl e 7 Phot ochroni ¢ ’

Fati gue

; Blegch
_36_

acetone. In Examples 4 and 5 used photochromic resin coating

was removed from the coated polymerizates with water. In all

Examples the squares were thoroughly washed with acetone to
ensure that no excess photochromic compound was left on the
surfaces of the imbibed squares.

In Examples 1-4

and 6~9 the net absorbance at either 346
nm or 370 nm of most of the imbibed squares (viz., absorbance
of the imbibed squars in the blszached state minus the
absorbance of the uncoated square) was determined at room
temperature using a Varian Model Cary 3 spectrophotometer.
The results are shown in Table 9.

Table 9
Nat absgrbag ces
Photochromic Net Absorbance
Examglx Resin Solution at 345 nm at 370 nm
PRS-1 NDL 1.04
1 PRS-2 ND 1.38, 1.27
1 ' PRS-3 ND 2.19, 2.08
2 PRS-2 ND 1.22
2 PRS-3 ND 2.10
3 PRS-4 2.46 ND
4 PRS-6 4.82 ND

5 PRS-5 ND ND

. T[err]
1égn1n sec



Resin [err] OD T[err] Time, Fatigue

Solution Tenp.,[err]C [err].nm 30 sec 2 mn 10 mn sec hr

[err] PRS- 8 29. 4 620 0.218 0.310.-.-0.-336....24 75 70
Tabl e 17 : Exanple 8{?Rhotechron1 oy

Bl each Fatigue Resin “[-err] 0D - 5

T[err] Time, Fatigue Solution Tenp.,[err]C [err] nm ... 30 sec

10 mn sec hr [err] PRS- 9 29.4 . 620~ "0, 255 0. 394 0. 457
33 75 40 Table 18. .. :

Exanple 9 Photochrom c - \ Bl each Fatlgue
Resin ; ~ - -Thefr]- Time, Fatigue
Solution Tenp..C J[err],nm Fin sec hr [err]

PRS- 2 22.2  PHOTOPI cfhggégag . 0.195 166 25
50 56 PRS- 3 2FDOLOCBIRRESPI C 0. 174}——@*4@95914@292—2—5
24 Example Resin Solution

6 PRS-7

1.77 ND
7 PRS-8 2.70 ND
8 PRS-9 2.67 ND
9 PRS-2 ND 1.42
S PRS-3 ND 2.21

IND = Not Determined

Photochromic performénces for imbibed squares of Examples
1-4 and 6-9 were determined on an optical bench. The eench
was mounted with a 300 watt Xenon arc lamp operated at about
200 watts, a remote controlled shutter, a Schott WG-320 nm cut
off filte? which removes short wavelength radiation; neutral
density filter(s) and a constant temperature water bath in
.which the square to be tested was immersed. A collimated beam
of light from a tungsten lamp was passad through the square at
a small angie to the normal to the the square. After passing
through the square, the light from the tungsten lamp impinged
a beam splitter which split the beam into two secondary beams
of equal intensity. The.unreflected secondaryv beam was
directed through a 620 nm band pass filter to a detector. The

reflected secondary beam was directed through a 480 nm band



50 38 - 43- Al t hough
the present invention has been described with refer_ Ace.to specific
details of certain enbodi nents thereof, it is not:int: ended that such _
details should be retarded as |initations uponithe scope of the jnvention
except insofar as they are included in the accorrparjyranm al: ms.

18- : Meewe el L
pass filter to a detector. Alternatively, tge ;;;ééiectéa
secondary bkeam Qas directed thrxough a photopic filter to a
detector. The photopic filter passes wavelengths such-that
the detector mimics the response of the human eye. The output
signals from the detector(s) weres processed by a radiometer
which delivered data to a computer.

Change iﬁ optical density (AOD) was determined by closing
the shutter from the Xenon lamp, inserting an imbibed squareée
in the bleached state into the water bath which had a
pradete*mlued temperature, adjusting the transmittance scals
to 100%, opening the shutﬁer froem the Xenon lamp to provide
ultraviolet radiation to change the imbibed square from the
bleached state to an activated (i.e., darkened) state,
measuring the transmittance in the activated state, and
calculating the change in optical density according to the
formula AOD=log(100/%Ta) where %Ta is the percent
‘transmittance in the activated state and the logarithm is to
the base 10. The period of exposure to the ultraviolet light
from the Xenon lamp at the time the perce transmittance is
determined is roted, except in scme instances when the
exposure period is long enough to ensure that a substantially

saturated state (i.e., a state of substantially maximum

darkness) has been obtained. The temperature of the water

bath is also noted.



- 44 - W claim 1. In a photochron1cH0fgan|c ophthaln1c article

conprising in conbination: (a) a therhnset or-ganic - polynerlc mat ri x
having a front surface and a rear surface ~and (:b) _

phot ochromi ¢ conpound; the inprovenent mhe(eln i(c) sald mat ri x
conprises polyner formed by polynerizing polyner|2able conposi tion

conpri si ng: § i
-39~ Vevm e e et e

In those instances when the bleach half life, Ty igs to
be found, the ekposure period is continued long enough to
ensure attainment of a substantially ugsaturated stateéTand the
AOD is then determined. The shutter from the Xenon lamp is
closed and the time required for the AOD to decrease to one-
half of the AOD at substantial saturation is determined. This
time interval is taken as the bleach half life.

When fatigue is to be found, the AOD of the substantially
saturated state is first determined. The imbibed square is
then exposed at 52°C to 351 nm ultraviolet light in a Q-U-V
Accelerated Weathexing Tester for an exposure period which is
noted and which is téken as the fatigue time. At the end oﬁ
the exposure period the imbibed square is allowed to return to
the bleached state and then the AOD of the substantially
saturated state is determined on the optical bench using the
same procedure and water bath temperature as before. Fatigue
'is taken as the percent decrease in AOD of the substantially
saturated state as compared with the AOD prior to exposure in
the Q-U-V Accelerated Weathering Tester.

In Example 5 the percent transmittance of the imbibed

lens in the bleached state was determined using a Spectro Gaxzd

[

II Spectrophotometer. The lens was then exposed for 10

minutes to the Sylvania GTE Blacklight Blue F40/BLB 40 watt

light bulbs positioned about 30.5 mm above the lens. The -



(1) high refractive index inparting nononer sel ectedifrom t he

group consisting of bisphenol A bi s(( th)acrylate)

et hoxyl at ed bi sphenol A bi s((met h) acry] ate) contalnlng from
greater than 0 to : 10 et hyl eneoxy group§ phen@xyethyl
(meth)acryl ate, t hi odi phenol bls((neth)qprylate) ‘'styrene,
[err] - nmet hyl styrene, divi nyl benzene, ’dr‘§0propenylbenzene
di al l yl phthal ate which constitutes frogbo to 40 e percent by
wei ght of the total nononer of said conpositidn‘ bi sphenol A

bi s(al Iyl t t f_at st
het cof wééﬁ?ﬂ&s@*ansmame vas Chpy YR RAPACET s, il FyRes

o- pht hal at e q%l ££1264ate di al | yl thalate, or a
m xture of %mn k. densicy was fBFE TheTHEG S ango™ end fé%@ﬁéf aromatic
ring-containing inert plasticizer selected __

A0D=1log (100/%Ta)-1log (100/%Thb) where %TA is the percent

transmittance of the activated state, %Tb is the percent

transmittance of the bleached state, and the logarithms ars to

the base 10.

The results of photochromic performance testing are shown

in Table 10-18 where the temperature, abbreviated temp., is-

that of the water bath the the wavelength is abbreviated A

Table 10
EKEEQT:: 1
Photochromic Bleach Fatigue
Resin AQD Ty Time, Fatigue
Solution Temp..°C A.nm 30 sec 15 min sec _hr %
PRS-1 22.2 480 0.068 0.430 228 NDL ND
PRS-2 22.2 4380 0.079 0.298 178 ND ND
PRS-3 22.2 620 0.094 0.428 124 ND ND
PRS-1 35 480 0.061 0.179 " 69 25 37
PRS-2 35 430 0.066 0.123 35 25 25
PRS-3 35 620 0.072 0.122 24 50 39
PRS-2 22.2 PHCTOPIC 0.078 0.188 192 25 35
50 56
PRS-3 22.2 PHOTOPIC 0.161 0.435 136 25 25

50 39



fromthe group consisting of poly(ethylene glycol)
di benzoat e, pol y(propylene glycol) dibenzoate, 1, 3-
bi s(phenyl t hi o) propane, and a m xture of at |east two

t hereof ; and (d) said article has a refractive I Hdex  at-, 20Lerr] C and
a wavel engt h of 589.3 nanoneters of at Ieastﬂﬁiaéﬁﬁﬁz;“ I'n.a:
phot ochrom ¢ organic ophthalmc article conprising in ;conbination: - (a)

a thernoset organic polyneric matrix_having a front surif age =7 cn

"T‘ab = 11 B -
Example 2
Photochromic _ Bleach Fatigue
Resin AQD TH% Time, Fatigue
Solutiop  Temp..°C A.nm 30 sec 15 min sec _hr 5.
PRS-2 22.2 PHCTOPIC 0.078 0.187 154 25 33
S0 55
PRS-3 22.2 PHOTOPIC 0.137 0.405 154 25 55
50 37
e 12
E‘Kamp (=) 3
Photochromic Bleacnh Fatigue
Resin : AQD T¥% Time, Fatigus
Solution Temp..°C A.nm 30 sec 15 min sec  _hx %
PRS-4 29.4 620 0.158 0.37¢6 50 75 42
Table 13
- " b 4__
Photochreomic Blzach Fatigue
Resin AQD T% Time, Fatiguse

Solution Temp.,°C A.om 30 sec 2 wmin 10 wmin sec _hx 5

PRS-8 22.2 PHOTOPIC 0.138 0.320 0.520 185 25 )

75 10 .
Table 14
Example 5§
Photochromic
Resin AQD
Solution am ° A.nm 10 sec

PRS-5S Ambient Visiblzs Spectrum 0.379



and a rear surface; and (b) photochrom c conpound; the inprovenent

wher ei n: (c) said matrix conprises polyner formed by pol yneri zi ng
pol yneri zabl e conposition conpri sing: (1) high refractive index
i nparting nononer selected from the!gfqup-ﬁonalstlng of
bi sphenol A bis((neth) acryl ate), etﬁoxylated blsphenol A
bi s( (et h) acryl ate) containing fron1greater than O to 10
et hyl eneoxy groups, phenoxyethyl (netddacrylate, | | 27 CC o
t hi odi phenol bis((meth)acrylate), styrene, [err]- . { :
met hyl styrene, divinyl benzene, diisopropenyl benzene, ' dlaIIyI
pht hal ate which constitutes from Or4©1£0 ¢ ... percent .by. wei ght
of the total nononer of said Example conposi tion, bisphenol A
bis(allyl carbonate), and a
Photochromic Bleach Fatigue
Resin AQOD T¥ Time, Fatigqus
Solution Temp..°C A.nm 30 sec 2 min 10 min sec _hx  _%_
PRS-7 29.4 §20 0.225 0.374 0.455 43 75 81
Table 16
- s 7

Photochromic Bleach Fatigus

Rasin AQD T¥ Time, Fatigue
Solution  Temp.,°C A.nm 30 sec 2 mizn 1Q min sec _hr  _%.
PRS-8 29.4 620 0.218 ©0.310 0.336 24 75 70
"1“‘ ] 12 17
E‘-Samg'l e 8
Photochromic Bleach Fatigue
Resin AQD T Time, Fatigue
Solution Temp,,°C A.nm 30 sec 2 min 10 min sec _hr ¥
PRS-9 29.4 §20 0.255 0.3%94 0.457 33 75 40
s 1=
Example 9
Photochromic Bleach Fatigue
Resin ‘ AQD T% Time, Fatigue
Solution Temp..°C A.nm 30 sec 1S min sec _hr = %
PRS-2 22.2 PHOTORIC 0.089 0.195 166 25 37
50 56
PRS-3 22.2  PEOTOPIC 0.179 0.455 124 25 24

50 38



m xture of at |l east two or nore thereof, wherein said
diallyl phthalate is diallyl o-phthalate, diallyl m

pht hal ate, diallyl p-phthalate, or a m xture of two or nor e
t her eof (2) aromatic ring-containing inert

pl astici zer, and (3) flexible nmononer selected fromthe group
consi sting of (met h)acryl ate of nonoal kyl ether of

pol y(al kyl ene gl ycol), opnoaryl ether of poly(alkylene

gl ycol)

Although the present invention“has been deséribed with
reference to specific details of certain embodiments thereof,
it is not intended that such details sﬂould be retarded as
limitations upon the scope of the invention except insofar as

they are included in the accompanying claims.

b S——— iaTy W



nmono( (nmeth)acrylate), and a m xture thereof; and (d) said article has

a refractive index at 20[err]C. and a wavel engt h of 589. 3
nanoneters of at |east 1.53. 3. I n a phot ochr oij.c::0r gani c - ophthaln1c
article conprising in conbination: (a) a thernbset organi-¢- pol yneric
matri x having a front surface and a rear ; surface and ; (b)

phot ochrom ¢ conmpound; the inprovenent mhereln § bo(L) < fsaitd natrlx
conprises polyner fornmed by pol yreri zi Ag*" polynerlzable conmposition
conpri si ng: (1) high refractive index inparting nonomer sel ected

fromthe We claim: group consisting of bisphenol A bi.s((meth)acryl ate),
et hoxyl at ed bi sphenol A bi's((nmeth)acrylate)-containing - - from
greater than 0 to 10 et hyl eneoxy groups,

1. In a photochromic organic ophthalmic article
comprising in combinaticn:
(a) a thermoset organic polymeric matrix having a
front surface and a rear surface; and
(p) photochromic compound
the improvement wherein said article has a refractive index at
20°C and a wavelength of 589.3 nancmeters of at least 1.53 and
wherein said matrix comprises polymer formed by polymerizin
polymerizable composition.comprising high refractive index
imparting monomer selected from the group consisting of
bisphencl A bis((meth)acr&la:e), ethoxylated bisphenol A
bis((meth)acrylate) containing from greater than 0 to 10
ethyleneoxy groups, phenoxyethyl (meth)acrylate, thiodiphencl
bis{(meth)acrylate), styrene, c¢-methylstyrene, divinylbenzans,
. diisopropenylbenzene, diallyl phchalate which constitutes f£rom
-0 to 40 percent by weight of the total monomer of said
composition, bisphenol A bis(ailvl carbonate), and a mixture
of at least two or more thersof, whe:eln said diallyl
phthalate is diallyvl o-phthalats, diallyl m-phthalate, diallyl
p—phthélate, or a mixture of two or more thereof.
2. The photochromic organic ophthalmic article of

claim 1 wherein said matrix ccomprises polymer formed by

This Sheet Has Been Repl
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phenoxyet hyl (nmeth)acryl ate, thiodi phenol bi s((met h)acryl ate),

styrene, [err]-nethylstyrene, di vi nyl benzene,

di i sopropenyl benzene, diallyl phthal ate whi ch constitutes from
0 to 40 percent by weight of the tota

conposition, bisphenol A bis(allyl car bonaﬁmn ml”oﬂm lﬂm Ime of
at least two or nore thereof, wherein said diatly pPhthalate is
diallyl o- phthalgg diallyl mphthal ate, diallyl

p- pht hal ate, or a m xture of two or nore thereof,

polymerizing polymerizable composition comprising aromatic
ring- contaln*“g.inert plasticizer.

3. The photochromic organic ooh halmic article of
claim 2 wherein said aromatic-ring containing inert
vlasticizer is terminated on at least one end with an aromatic
ring.

4. The photochromic organic ophthalmic article of
claim 2 wherein said aromatic-ring containing inert
plasticizer is terminated on at least two ends with axomatic
rian.

5. The ph \otochromic organic opnthalmic article of
claim 2 whersin said-arcmatic-ring containing inert
plasticizer has a refractive index at 20°C and a wavelength of
589.3 nm of at least 1.48.

6. The photochromic organic ophthalmic article of
claim 5 whersin said aromatic ring-containing inexrt
.plasticizer is selected from the group consisting of
poly(ethylene glycol) dibenzoate, poly{propylene glycol)
dibenzoate,'1,3-bis(phenylthio)propane, and a mixture of at
least two thexreof.

7. © The photochromic organic ophthalmic article of
claim 1 wheresin said photochromic compound is selected from

the group consisting of

CIIRD L
This Sheet Has Been Replaced o 5 i
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(2) aromatic ring-containing inert plasticizer, and (3) flexible
nonomer whi ch conprises poly((neth)acrylate) of al koxyl at ed
pol yol containing at |east 9 al koxy groups; and (d) said
article has a refractive index at 20[err]C. and a velen th of

589. 3 nanoneters of at least 1.53. 4. In a_ phot o l!llﬂi‘”,llm

ophthalmc article conprising in conbination: urganic
polymeric matrix having a front surfacess- and a rear surface; and
(b) photochrom ¢ conpound i nbibed into at | east one of said
surfaces; 1tRedihpdovensHdinBenel 15 -methok) 1SatcpPhtdd -cQAPLha8s- pol yner
formed by pol yneri zi ng pol yneri zabl-e conposition conpri sing
aromatic angJ—{B Ilpyrido({3,2-£f}(1,4) benzoxazinel];
1,3-dihydro-3,3,4,5-tetramethyl-1- pLopyl spiro(2H-indole-2,3" -
[3H]pyrido(3,2-£} (1, 4)benzoxazine] ;
1,3-dihydro-3,3,5,6-tetramethyl-1-propyl-spiro [2H-indole-2,3" -
[3H]pyrido{3,2-f}(-,.)benzoxa21ne],
3-(2,4-dimethoxy)phenyl-3- (4- -methoxy) phenyl-3H-naphtho (2, 1-b]
pyran;
1,3,3,4,5—pentamethyl-9’—methoxycarbonyl—s’—acetoxy—
spifo[indoline—z,B'-[3H]naphth[2,1,b]—[l,é]oxazine];
3 (2-fluorophenyl) -3 (4-methoxyphenyl) -8 -methoxy-3H-naphtho (2, 1-
blpyran;
1,3,3,5,6-pentamethyl-9’ -methoxycarbonyl-8’ -acetoxy-
spiro[indoline-2,3'—[3H]naphth[2,1,b]—[1—4]oxazine];
3(2—fluorophenyl)—3(4-methoxyphenyl)—8—methoxy—3H-naphtho[2,1—
blpyran;
,3(2)fluovonhenvl)—3(4 -methoxyphenyl) -8 -methoxy-9-carbomethoxy-
3H-naphtho(2, 1-blpyran;
and a mixture of at least two thereof
8. The photochromic organic ophthalmic article of
claim 1 which has a bleach transmission of at least 40

percent.

eet Has Been Replaced .
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containing inert plasticizer; (d) said aromatic ring-containing inert

pl asticizer has a refractive index at 20[err]C. and a wavel ength
of 589.3 nmof at - | east 1.48 and is selected fromthe group .
consi sting of pol y(et hyl ene gl ycol)di benzt’ﬂlﬂ”"’g’nﬂ ene

gl ycol) di benzoate, 1, 3-bis(phenylthio)pr Eﬂﬁ#ﬂ ure of
at | east two thereof; and (e) said d articie 'had asretractive
index at 20[err]C. and a wavelengt h of 589.3 nanoneters of at

| east 1.53.

9. The photochromic organic ophthalmic article of

claim 1 which has a heat distortion temperature of at least
3s5°C. -

1I0. The photochromic organic ophthalmic article of
claim 1 which has a refractive index at 20°C and a wavelength
of 589.3 nanometexs of at least 1.54.

11. The photochromic organic ophthalmic article of
claim 1 which has a rsfractive index at 20°C and a wavelength
o< 589.3 nanometers of at least 1.55.

12. The pnotochromic organic ophthalmic article of
claim 1 which has a rafractive index at 20°C and a wavelength
of 589.3 nanometers of at least 1.56.

13. The photochromic organic ophthalmic article of
claim 1 which has a refractive index at 20°C and a wavelenth of
589.3 nanometes of at least 1.6.

14. The photochromic organic ophthalmic article of

claim 1 which is a photochromic organic ophthalmic lens or
lens blank.

15. The photochromic organic ophthalmic article of
claim 14 characterized by an absolute value of optical
correction of at least 2 diopters.

16. The photochromic organic ophthlamic article of

claim 15 wherein:

This Sheet Has Been Replaced
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5. In a photochrom c organic ophthalmc article conprising in

conbi nati on: (a) a thernoset organic polyneric matrix having a front
surface and a rear surface; and (b) photochrom ¢ conpound

i mbi bed into at | east one of said surfaces n lmm[
wher ei n: (c) said matrix conprises pol yrrer forrrec““tl mumml

pol yneri zabl e conposition conpri sing: aronmeti ¢ ritng®coht ai ni ng

i nert plasticizer, and (2) -t8exible rmnorrer sel ected fromthe group
consi sting of (meth)acryl ate of nonoal kyl ether of

pol y(al kyl ene (a) said @orda Fompbiesd Wolgber refme@l i al kyl ene gl ycol)

nmono( (neth)acrylate), and a m xture thereof; and . -
polymerizing polymerizable composition
comprising high refractive index imparting
monomer selected from'the group consisting of
bisphenol A bis(methacrylate), ethoxylated
bisphenol A bis(methacrylate) containing from
greater than 0 to 10 ethyleneoxy groups,
phenoxyethyl methacrylate, thiodiphenol
bis (methacrylate), a-methyl stvene,
d*lsonvoonxvlneqzene, diallyl phthalate,
bisphenol A bis(allyl éarbona:e), and a
mixturs of at least two there=of;

(b) said photcchromic compound is selected froﬁ
the group ccnsisting of
1,3-dihydro-3,3-dimethyl~5-methoxy-1-propyl-
spiro{2H-indol-2,3’ - [3H]pyrido{3,2-£f}(1,4)
benzoxazine] ;
1,3-dihydro-3,3,4,5-tetramethyl-1-propyl-
spiro(2H-indole-2,3 - [3H] pyrido(3,2-
£} (1,4)benzoxazine] ;
1,3—dihydro—3,3,5,6—tetramethyl—1—p:opyl—
spiro{2H-indole-2,3‘ - [3H] pyrido(3,2-

£} (1,4)benzoxazine] ;

This Sheet Has Been Repla SRR R j
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(d) said article has a refractive index at 20[err]C and a

wavel ength of 589. 3 nanoneters of at |east 1.53.

organic polyneric matri x having a front surface

organi c ophthalmc article conprising in conbinaj

surface; and (b) photochrom ¢ conpound i nbi be
sai d surfaces; the inprovenent wherein:

conprises pol yner f or med by pol ynerizin

In a photochromc

T .

(c) said matrix
pol ymeri zabl e conposition

conpri si ng: (1) aromatic ring-containing inert plasticizer, and

3—(2,4-dimethoxy)phenyl-3—(4—methoxy)phenyl-

3n naphtho[2,1-blpyran;

1.3,3,4,5-pentamethyl-9‘ -methoxycarbonyl-8‘ -

acetoxy-spiro(indoline-2-3’- [3Hlnaphth{2,1,b]-

(1,4]oxazine] ;

1,3,3,5,6-pentamethyl-9‘-methoxycarbonyl-g8’ -

acetoxy-spiro(indoline-2,3°

[1,4]oxazine] ;

- {3Hlnaphth{2,1,b] -

3(2-fluorophenyl)—3(4-methoxyphenyl)—8—

methoxy-3H-naphtho {2, 1-b]loy

ran;

3(2-fluoro§henyl) 3 {4-methoxyphenyl) -8-

noxy-9-carbomethoxy-

h

and 2 mixture o

at least

-3H-naphtho (2, 1-blpyran;

two thereof.

{c) said photeochromic organic ophthalmic article

has a heat distortion temperature of at least

35°C; and

(d) said photochromic organic ophthalmic article

has a bleach transmission of at least 40

percent.

17. The photochromic organic ophthalmic article of

claim 1 wherein said matrix comprises polymer formed by

<

monomer.

polyvmerizing polymerizable composition comprising flexible

This Sheet Has Been Rep
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49 Substitute sheé 4{ August ~1999' (2) flexible nonomer which
conprises poly((meth)acrylate) of = al koxyl at ed pol yol containing
at | east 9 al koxy grbups,,r..ﬁ . and (d) sald artic

refractive index at QO[e{r]C and a wavel %& “ﬂgnoneters
of at least 1.53. ;7Lw"0Ln a -phot ochromi ¢ organic |ele
conprising in conbination: (a) a thernoset or |c dolynerlc mat ri x
havi ng a front surface-——" and a resr surface; and (b)

phot ochrom ¢ compound; the inprovenent wherein: (c) said matrix

conprises pol ymarg f orRd Ry BOLYIRd Z38nic ophthalmic article of
claim 17 wherein said flexible monomer is selected from the
roup consisting of {(meth)acrylate of monoalkyl ether of
poly{alkylene glvcol), monoaryl ether of polylalkylene glycol)
meno ( {meth)acrylate), and a mixture thereof.
19. The photochromic organic ophthalmic article of
claim 17 wherein said flexible monomer comprises
poly ({meth)acrylate) of alkoxylated polyol containing at least
9 alkoxy groups.
20. In a photochromic organic opnathalmic article
comprising in combination,
(a) a thermoset organic polymeric matrix having a
front surface and a rear surface; and
(b) phocochromic compound imbibed into at least
ocne of said suriaces,
the improvement wherein said article has a refractive index at
.20°C and a wavelength of 589.3 nanometers of at least 1.53.
21, The pnotochromic organic ophthalmic article of
claim 20 wherein said matrix comprises polymer formed by
polymerizing polymerizable composition comprising high
refractive index imparting monomer selected from the group
consisting of bisphenol A bis((meth)acrylate), ethoxvlated
bisphenol A bis((meth)acrylate) containing from greater than 0

to 10 ethyleneoxy groups, phenoxyethyl (meth)acrylate,

is Sheet Has Been Replaced
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pol yneri zabl e conposition conpri sing: (1) high refractive index

I nparting nononer selected fromthe group consisting of

bi sphenol A bis((nmeth)acrylate), ethox Iat

bi s((neth)acryl ate) containing fron1 ! %

et hyl eneoxy groups, phenoxyet hyl (net |pheno

bi s((nmeth)acrylate), styrene, a-nethylstyrene, d|V|nbeenzene,
di i sopropenyl benzene, diallyl phthal ateg;- whi ch constitutes from
0 to 40 percent by weight of the total nononer of said

conposi ti onh ISRAeRsh 619(§{égﬂ)$Erylate) tyrefal QDAL &)1 ARdegoMm xture of
at least two or nore her eof , mhereln sai d dlallyl hfhalate S

diallyl i nylbenzendht . hthal ate, . ¢ ,.p- pht hal at e,
fallyl 0- givinvib B tﬁgﬁﬁgrghgiééﬂ dRP %1§g%%f Cﬁﬁﬁﬂéia,g,p alate

or a mxture o EI‘EO
diallyl m-phthalate, diallyl p—phthala;e, bisphenocl A
bis{allyl carbonate), and a mixture of at least two thersof.

22. The photochromic organic ophthalmic article of
claim 20 wherein said matrix comprises polymexr formed by
polymerizing polymerizable composition comprising aromatic
ring-containing inert plasticizer.

23. The photochromic organic crhthalmic article of
claim“22 wherein said aromatic-ring containing inert
plasticizer is terminated on at least one end with an aromatic
ring.

24. Th2 photochrcmic organic ophthalmic article of
claim 22 whersin said aromatic-ring containing inert
plasticizer is terminated on at least two ends with aromatic
rings.

25. Thn photochromic o*gah_c cphthalmic article of
claim 22 wherein said aromatic-ring containing inert
plasticizer has a refractive index at 20°C and a wavelength of

$8%.3 nm of at least 1.48.

o
[4))

Trhe photochromic organic ophthalmic article of
claim 25 wherein said aromatic ring-containing plasticizer is

selected frcm the group consisting of poly(ethylene

his Sheet Has Been Replaced
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(2) flexible nmononmer selected fromthe group consisting of

(meth)acryl ate of nonoal kyl ether of poly(al kyl ene gl ycol),
nonoaryl ether of poly(al kyl ene gl ycol) mono( (et h)acryl ate),
and a m xture thereof; and (d) said article has ' I ndex at
20[err]C. and a wavel engt h of 589.3 nan uﬁg é“mgh'“g t 1.53.
8. In a photochrom c organic ophthal mc articl n «

conbi nati on:

sur f ace

and a rear surface; and
glycol)dibenzoate, pcly(propylene glycol) d‘benaoate, 1,3-

bis (phenylthio)propane, and a mixture of at least two thereof.
27. The photochromic organic opbchalmic article of
claim 20 wherein said photochromic compound is selected from
the group consisting cf
1,3-dihydro-3,3-dimethyl-5-methoxy~-l-propyl-spiro[2E-indol-
2,3"-[3H]pyrido(3,2-£f}(1,4) benzoxazinel;
1,3-dihydro-3,3,4,5-tetramethyl-1-propyl-spiro [2H-indole-2,3"’ -
[3H]pyrido(3,2-£} (1, 4)benzoxazine];
1,3- dlnyd*o 3,3,5,6-tetrametnyl-Ll-propyl-spiro[2H-indole-2,3‘-
(3E]pyrido{3,2-£} (1, ¢)senzoxazine] ;
3-(2,4-dimethoxy)phenyl-3- (4-mechoxy)phenyl-3d-naphtho[2, 1~
blpyran;
1,3,3,4,5-pentamechyl-5' -mechoxycarbonyl-8'-acetoxy-~
spiro[indoli ne-2-3'-{3Hlnaphth({2,1,b]-(1,4loxazine];

3(2-fluorophenyl) -3 (4 -methoxyphenyl) -8 -methoxy-3H-naphtho [2, 1~

.blpyran;

1,3,3,5,6-pentametnyvl-9’ -methoxycarbonyl-8’-acetoxy-
spiro(indoline-2,3’ - [3d]naphth(2,1,b)-(1,4]loxazinel;
3(2-fluorophenyl) -3 (4 -methoxyphenyl) -8 -methoxy-3E-naphtho[2, 1-
bl pyran;
3(2-fluorophenyl) -3 (4-methoxyphenyl) -8 -methoxy-9-carbomethoxy-

3H-naphtho (2, 1-blpyran;

and a mixture of at le=ast two thereof.

is Sheet Has Been Replaced
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(b) phot ochrom ¢ conpound;
conpri ses polyner fornmed by pol yneri zi ng

conpri si ng:
fromthe

et hoxyl at ed bi sphenol

t he i nprovenent wherein: (c) said matrix
pol yneri zabl e conposition
- (1) high refractive index inparting nonoaihkselected

e e, o, I, e

from

greater than 0 to 10 et hyl eneoxy groups, = ¢ phendxyet hyl
(meth)acryl ate, thiodiphenol _shis((meth)acrylate), styrene,
[err]-methylstyrene, di vi nyl benzene, dii sopropenyl benzene,
diallyl phthalates  The phoroWhi&h: &UIantikt BnEKOMQ e dQipeseent by
wei ght of the total nonomer “of said conposition, bisphenol A
bis(al Iyl c1aim 20 wnfA BRNALEL1200 A-dHiWESoRl oAlad GRS W OF more
percenc. -
29. The photochromic organic ophthalmic article of
claim 20 which has a heat distortion temperature of at least
35°C.
30. The photcchromic organic ophthalmic article of
claim 20 which has a refractive index at 20°C and a wavalength
of 589.3 nancmeters of at lsast 1.54.
31 The photcchromic organic ophthalmic article of
claim 20 which has a refractive index at 20°C and a wavelangth

of 589.3

32.

claim 20

of 589.3

33.

-claim 20

of 589.3

34,

claim 20

nanometers of at least 1.55.
The phétochromic organic opnthalmic article of
which has a refractive index at 20°C and a wavelength
nanometers of at least 1.56.
The photochromic organic ophthalmic article of
which has a refractive index at 20°C and a wavelength
nancmetars of at least 1.6.

The photochromic organic ophthalmic articls of

which is a photochromic organic ophthalmic lens or

lans blank.

35. The photochromic organic ophthalmic article of
claim 34 characterized by an absolute value of optical

correction of at least 2 diopters.

This Sheet Has Been Replaced P P
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t hereof, wherein said diallyl phthalate is diallyl o-
phthal ate, diallyl mphthalate, diallyl p-phthalate, or

(2) flexible nmonomer: conprising poly((neth)acryl ate ‘E&! \‘ ““

al koxyl ated pol yol containing at |east 9 alkoxy

(d) said article has a refractive index at 20[er

wavel engt h of 589. 3 nanoneters of at |east 1.53. : I n a photochron1c
organi c ophthalmc lens or |ens blank e®hprising |n conbi nati on:

36. The photochromic organic ophthalmic article of
claim 35 wherein:
(a) said matrix comprises polymer formed by
- polymerizing polymeriz;ble composition

comprising high refractive index imparting
monomer selected from the group consisting of
bisphenol A bis(methac:ylate), ethoxylated
bisphenol A bis(methacrylate) containing from
greater than 0 to 10 ethyleneoxy groups,
phenoxyathyl mecthacrylate, thiodiphenol
bis (methacrylate), a-methvl styrene

diisopropenylbenzane, diallyl phthalate,

bisphenol A bis(allyl carbonate), and a
mixtures of at least two thereof;
(b) said photochromic compound is selected from

the group consisting cof
1,3-dihydro-3,3-dimethyl-5-methoxy-1-propyl
spiro(2H-indol-2,3’ - [3H]pyrido(3,2-£}(1,4)
benzoxazine] ;
1,3-dihydro-3,3,4,5-tetramethyl-1-propyl-

spiro(2H-indole-2,3’ - (34l pyrido(3,2-

£} (1,4)benzoxazine] ;

This Sheet Has Been Replaced :




(a) a thernoset organic poI yneric matrix having a front surface

and a rear surface and ~.+ {(b).-phot ochrom ¢ conpound; the inprovenent
wher ei n: (c). Sal d-matrix.- co‘rr‘prl ses polynmer for medJmu

pol ymeri zabl e conposi tion conpri sing: (1) high m”mm”mm%"
| nparting nononer ; sel ected“f rom the group consi‘sttng* ofs =«

bi sphenol A bi s( et hacryl ate), i et hoxyl at ed bi sphenol A

bi s(met hacryl at &) -contai ni ng fr'or’r] -55- greater than 0 to 10

et hyl eneoxy groups, phenoxyethyl met hacryl ate, thiodi phenol
bi s(methacrylate), [err]- 1,3-dihydro-3,Bth¥LsLYE SRS n Ml J1SQRRREDYI benzene,
dial lyl phthal ate which constitutes from0 to .40 percent by
wei ght of the SooL8l » APNQMRN. -Of 35ai S RAMPASI {0, bi sphenol A
bi s(al |yl § o

£}(1,4)benzoxazine] ;
3-(2,é—dimethoxy)phenyi-3-(4—methoxy)phenyl—
3H-naphtho {2, 1-b]lpyran;
1,3,3,4,5-pentamethyl -9’ -methoxycarbonyi-8’ -
acetoxy-spiro[indoline-2-3 - [3H]naphth(2,1,b] -
(1,4]oxazine];
1,3,3,5,6-pentamethyl-9’-methoxycarbonyl-38’ -
acetoxy-spiro{indoline-2,3‘ - [3H]napnth(2,1,b]-

{1,4]oxazine] ;

3(2-fluoroprenyl) -3 (4-methoxyphenyl) -8-

3(2-fluorophenyl) -3 (4-methoxyphenyl) -8-
' methoxy-%-carbomethoxy-3H-naphtho (2, 1-blpyran;
and a mixture of at least two thereof.
{(c) said photochromic organic ophthalmic article

has a heat distortion temperature of at lsast

(d) said photochromic organic ophthalmic article
has a bleach transmission of at least 40
percent.
37. The photochromic organic ophthalmic article of

claim 20 wherein said matrix comprises polymer formed by

his Sheet Has Been Replaced
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carbonate), and a m xture of at |east two thereof, wherein said

diallyl phthalate is diallyl o-phthalate, di allyl m phthal at e,
diallyl p-phthalate, or a m xture of two or nore thereof, and
(2) flexible monomer selected fromthe group consi s

(meth)acrylate of nonoal kyl ether of poly(alkylene Illml m I"""Iﬂl,uml)
nmonoaryl ether of poly(al kyl ene gl ycol) ((yretrh) acryl at e)
pol y((rmet h)acryl ate) of al koxyl ated -56- pol on cont ai ning at | east

9 al koxy groups, and a m xture
polymerizing polymerizable composition comprising flexible

monomer.

38. The photochromic organic ophthalmic article~of

claim 37 wherein said flexible monomer.is selected from the
roup consisting cf (meth)acrylate of monoalkyl ether of

poly(alkylene glycol), monoaxyl ether of poly(alkylene glycol)
mono ( (meth)acrylate), and a mixture thereof.

39. The photochrcmic organic opnthalmic article of
claim 37 whersin said flaxible monomer comprises
pol?((me:h)acrylate) of alkoxylated polyol containing at least

9 alkoxy groups.

e o bt s e ki e e s e
' e 0
¢ ;. '
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of at |east two thereof; (d) said photochrom c conpound is sel ected
fromthe group consi sting of

1, 3-di hydr o- 3, 3-di net hyl - 5- met hoxy- 1- propyl - spi ro[ 2H-i ndol - 2, 3' -

[ 3H pyrido{3,2-f}I (1, 4) benzoxazi ne];

1, 3-di hydro-3, 3, 4, 5-tetranet hyl - 1- pr ~SPh4 o[ 2H i ndol e- 2, 3" -

[ 3H] pyrido{3, 2-f) (1, 4) benzoxazi ne]; X%@Tﬁ%ﬁf

1, 3-di hydro-3, 3,5, 6-tetranet hyl - 1- propyl - spi ro[ 2H i ndol e- 2, 3' -

3H pyrido{3, 2-f} (1, 4) benzoxazi nej;

R e

, 5, 6- pent anet hyl - 9' - met hoxycar bonyl - 8' - acet oxy-spiro[i ndol i ne-
[ 3H napht h[ 2, 1, b] [ 1, 4] oxazi ne] ; .

[

3-(
1,3
2,3
1,3,
2,3

1 w 1

. . . . ve
Organic ophthalmic articles are pnotochromlc.and.ha

high indices of refraction.




Woss0s- Tios
3(2-fl uorophenyl) - 3(-4- met hoxyphenyl ).- 8- met hoxy- 3H napht ho[ 2, 1-  b] pyr an;

3( 2- quorophenyI) 3(:4- nethoxxphenyl) 8- net hoxy- 9- car bonet hoxy- 3H
“napht ho[ 2/ 1 b] pyr an;.and"™ © .=a hixture of at least two th

(e) sai ¢ ens - or Iens biank is:charact eri zedSHESUYta S SPBfé'A”9“3t199§alue
of optical correction of at least 2 diopters; (f) said lens
or lens blank has a.refractlveﬁyndex.at 20[err]C. and a wavel ength
of 589.3 nanoneters of at |east 1.53; (g) said lens or |ens blank has

a heat.dlstortlon tgnpgrakyﬂelof_ ..

When diallyl phthalate is used it usually constitutes from 0.1
to 40 pexcent by weight of the total monomer of the
composition. O©Often the diallyl phthalate constitutes Trom 0.5
to 25 percent by weight of the total moncmer of the
composition. From 1 to 10 percent by weight is preferrad.

Onsa é&inwre monomers which do not imp;rt high refractivs
index to the matrix may optionally be present in the
polyvmerizable composition. There are many such monomers.
Examples include the diacrylates and dimesthacrylates of
echylene glycol, 1,3-propane dicl, propylsne glycol, 2,3-
butane diol, 1,4-butane diol, 2- ethvlnutane-- 4-diol, 1,5-
pentane diol, 1,6-hekans diol, 1,7-heptane diol, 1,8-cctane
dicl, 1,10-decane diol. 1,4-cyclohexane diol, 1,4-

-mech?lolcyclohexape, 2,2-diethylpropane-1,3-diocl, diethylene
glycol. triethylene glycol, dipropylene glycel, neopentyl
glvecol; the triacrylates, trimethacrylates, diacrylates an

.dimethacrylatgs of glycerol, 1,1,l-trimethylol propane and
trimethylol ethane; and the tetraacryiéces,
tetramethacrylates, triacrylates, trimsthacrylates,
diacrylates, and dimethacrylates of erythritol. Examples of
such monecfunctional monomers that may ke present may include

mathyl acrylate, methyl methacrylate, ethyl acrylate, ethvl

methacrylate, propyl acrylate, propyl mnthac*vlate, butyl

F‘? FEJ"\,( un j,ﬂ__,




at least 35[err]C .;—and:: [H):said lens or lens blank has a bl each
transm ssion o vg? aL““t eaS\ 40 percent. 10. In a photochronLc

e—ar sing in conbination at ernDset
o gani ¢ SEPtyPrZ'rF‘ﬁ L b TSt "o T AR sheetn f Auiuist 75
surface; and (Eﬁ‘%hg? rori d conpound; the inprovement wherein:
(c) said matri¥ gonprises- poiVnﬁr formed by pol yneri zi ng

pol ymeri zabl e cpnp05|t|on conpri si ng: (1) high refractive index
i nparting nonone+—setected fromthe -9- group consisting of
bi sphenol A bis((neth)acrylate), et hoxyl ated bi sphenol A

blS((nEth)aﬂﬁﬁﬂégdﬁhmﬁggga'iHé“lh;cether thiomethacrylates such as
described in JP 03-127771; ethoxylated urethane
(meth)acrylates such as described in Jg 02-151410; S§- —
phenylmethyl thio(meth) acrylates such as described in JP 01-
115910; ethylenically unsaturated and poly(ethylenically
unsaturated) terminacted vicinally aliphatic polysster
thiocarbamates, ethylenically unsaturated and
poly(ethylenically unsaturated) terminated vicinally aliphatic
polyether thiocarbamates; ethylenically unsaturated and
poly .(eunylenlca ly unsaturated) terminated vicinally aliphatic
polycarbonate thiocarbamates; ethylenically unsaturated and
poly(ethylenically ursaturated) terminated vicinally aliphatic
thiocarbamates having intcernal combinations of ester, ether
and/or carbonate functionality; polyfunctional thio (meth)
acrylates such as described in JP 01-297242; bisphenol
bis((meth) acrylates) and ethoxylated bisphenol
-bis((meth)acrylates) as described in U.S. 4,306,780, GB
2,076,838, JP 02-111742, and JP 02-111743; vinylphenyl
terminated pclyethers such as described in JP 04-93309 and JP-
04-198205; bis((meth)acryloyl) poly(oxyalkylene thiophenol
sulfides such as described in JP 02-247212; (meth)acrylyl
(thio) carbamates such as described in Jp 02-298506;
poly(butvlans glycol) bis((meth) acrylates) such as described

in U.S. 5,183,870; poly(alkylene glycol) bis((meth)acrylates) ;



fromgreater than 0 to 10 et hyl eneoxy groups, phenoxyet hyl
(met h)acryl ate, thiodi-phenol - bi s((neth)acryl ate), styrene,
' di-vi nyl benzene, dii sopropenyl benzene, diallyl

P

£

a-nethylstyren@“

pht hal at e | wh e cohsiitutes from Fuistaotesheatnt 4 Augrstgh?99f

t he s ﬂo;sh nﬁpQHEf of "'sai d conposition, bisphenol A bis(allyl
carbonate), and & nPxtQré 6f at least two or nore t her eof ,
wherein said dipllyprtha+afe-i% diallyl o- pht hal ate, diallyl
m pht hal at e, diPIIyI p-phthal ate,; or a m xture of two or nore
t her eof , b T -10-

polycaprolactpne Lgﬁs(meth) acrylategp and polyca;b?nate diol
bis ((meth)acrylates) .

Particularly useful multifunctional flexible monomer
includés poly((meth)acrylate) of alkoxylated polvol containin
at lsast 9 alkoxy groups. Preferably such flexible moncmer
contains at least 12 alkoxy groups. In:most cases the alkoxy
groups ars ethvlensoxy groups, pro?yleneoxy groups,
butyleneoxy groups, or a mixture of two or more therecf. 03I
these, ethyleneoxy groups are preferred. In those instances
whefe the alkoxylatea polvol has a hydroxyl functionality of
more than two, it is not nécessary that all Fhe hydroxyl
groups be converted to (meth)acrylate; however, there shculd
be, on average, at least two (meth)acrylate groups per
molecule. Bis((meﬁh)acrylates), tris{(meth)acrylates),
tetrakis((meth)acrylates), pentakis({meth)acrylates), and
hexakis ((meth)acrylates) of alkoxylated polvols are
-contemplated. Examples of suitable polyols which can be
alkoxylated include ethylene glycol, 1,3-propane diol,
propylene glycol, 2,3-butanediol, 1,4-butanediol,

2-ethylbutane-1,4-diol, 1,S-pentanediol, 1,S5-hexanediol,

]
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. 7-heptanediol, 1,8-octane diol, 1,10-
Qecanadiol, 1,4-cyclohexanediol, 1,4-dimethylolcvclohexane,

2,2-diethylpropane-1,3-diol, diethylene glycol, triethylene

glycol, dipropylene glycol, neopentyl glycol, 3-hydroxy-2,2-



nanomet ers of

article conpr&5|ng in
matri x havi ng

(2) flexible nononer,
pl asticizer which has a
wavel engt h of _589—3nmuf.
fromthe groupg?as 3
polypropylena gt-yrol) dlbenzdaﬂe 1, 3-
and a m xture; of at, leastit ’
has a refractlve iFndex at 20[er
at..least-1.53.

DAIZ

TDPDMA

AMS

ATA

DEG DAC

DEG DAC MIX

PGDB

‘r]C and

a-front~surf ace

(3) aromatic-ring containing inert
refractive index at 20[err]C. and a
at least 1.48 and which is selected

C“anén sting of poly(&fiytiee sheedol4 AlgustiZRAS,

bi s( phenyl t hi o) pr opane,
t hereof; and (d) said article

ﬂ3' wavel ength of 589.3
. In a ptiot ochromi ¢ organi c ophthal mic
combi-nati on: (a) a thernobset organic polyneric

and a rear surface; and
Table 1 {(copg.} -

. p%lﬁgret%éne
Methacrylate-termina [ s

described in Example 2 of US 5,200,483

except that 2-hydroxylethyl
methacrylate was substituted for both
allyl alconol and 2-hydroxyethyl

acrylats.
LN

Ethoxylated trimethylolpropane

tris (acrylate) containing 15 EO units.
1,3-Diisopropenvl benzens.
Diallyl isophthalate.

2-

‘g

henoxvathyl methacryvlate.
4,4'-Thiodiphenol diéethacrylate.
c-Methylstyrene.

a-Terpinyl acetatce.

Cyclohexene

Diethylene glycol bis(allvl carbonate).
A mixturs of 60% disthylene glycol
bis(allyl carbonrate) and 40%
poly(diethylene glycol carbonate)

bis{allyl carbonate).

Propylene glyvcol dibenzoate.



(b) photochronic conmpound inbibed into at |east one of said
surfaces; the-lnppovenent;'férein (c) said matrix conprises polyner
f ormed by pol;} : i Vﬁolynerlzable co S|t|on conpri si ng erX|bIe

monomer sel ect"f'd o frothe group consi st inPsHtuterghestact Ylugust or
nonoal kyl ethe »ofupohy(alkylene gl ycol ), nonoaryl ether of
poly(alkylene i coI) nqno((neth)acrylate) and a m xture thereof;
and (d) :said- art1c|e ha's F refractlve index at 20[err]C. and a

wavel engt h of 589. 3 nanonet er s

of at %%t 1.53. 12. In a photochromc
organic ophtha%nrc ArFtTcl'e conpri sing

“conbi nati on

Photochromic resin solutions (PRS) were prepared by
thoroughly admixing the various ingredjents. The idenfities of

he ingredients and their amounts were shown in Table 7.

Ta 7
BRS=-1
Toluena 85.5 parcs
Ethyl Cellulocse 8.5
pC-1 5
ZRS-2
Toluene §5.5 parts
Ethyl Cellulose §.5
BC-2 5
-
DRS-&
Toluene 85.5 parts
Ethyl Celluloss 9.5
BPC-3 _ 5
EES-A
Tecluene 86.6 parts

Ethyl Ca2lluloss

w0
[2)

PC-4

@



(a) a ther noset o an| matrix having a front ~ surface
and a rear surfa “iiim lﬁm@ “ hot ochrom c corrpound I mbi bed into fa% | east
one of said he i nprovement _ 4 48). S2i,dgq
matrix conprises pol yner formed by pol yneri zig % At tiute sr?"eeﬁol%/%ézﬁuféﬂl 9
conposition conprising flexible nononmer which conpri ses

pol y( (et hyacsndiat:e) of al koxyl ated pol yol containing at |least 9

al koxy groups; and (d) said article has a refractive index at 20[err]C.
and a wavel engt h of 589.3 nanoneters of at |east 1.53.
1. In a photochromic organic ophthalmic article comprising in
combination:
(a) a thermoset organic polymeric matrix having a front surface
and a rear surface; and
{(b) photochromic compound;
the improvement wherein:
{c) said matrix comprises polymer formed by polymerizing
polymerizable_composition comprising:
(1) high refractive index imparting monomer selected from
the group consisting of ‘bisphenol a
bis((meth)acrylate), ethoxylated bisphenol A
bis{(meth)acrylate) containing from greater than 0 to
10 ethyleneoxy groups, phenoxyethyl (meth)acrylate,
thiodiphenol bis{(meth)acrylate), styrene, a-
methylstyrene, divinylbenzene, diisopropenylbenzene,
diallyl phthalate which constitutes from 0 to 40
percent by weight of the total monomer of said
composition, bisphenol A bis(allyl carbonate), and a
mixture of at least two or more thereof, wherein said
diallyl phthalate is diallyl o-phthalate, diallyl m-
phthalate, diallyl p-phthalate, or a mixture of two or
more therecof, and
(2) aromatic ring-containing inert plasticizer selected
from the group consisting of poly(ethylene glycol)

L dibenzoate, poly(propylene glycol) dibenzoate, 1,3-




13. In a photochrom c organic ophthalmc lens or |ens blank conprising

surface \\Ilﬂlﬂl\ﬁlmﬁlliﬂﬂﬁ acer and T (5. ShII?ELL?oE?Xi 28&:#2:;

i mbi bed into at 1edst “ond of said - 3 RUbStidYte shept

wher ei n: (c) said matrix conprises polyner formed by polyner|2|ng
pol ymeri zabl e conposi tHl%r!pﬁQHPIﬁrﬁ'd)Qropane, andl) Righdebragt i Ve dndey
i mparti ng nmononer sel ected fromthe group consi sting of

bi sphenol A bi s(net haanglr-abe) ,and et hoxyl at ed bi sphenol A

bi s(net hacryl ate) containing from greater than O to 10

et hyl eneoxy @f)OURRidPRBROXNEHRY! a refractive iREINRES ¥bate, ahhi di phenol
bi s(met hacryl ate), a- met hyl st yrene, dii sopropenyl benzene,

diallyl phthal at §ayelength of 589.3 nanometers of at least 1.53.
2. In a photochromié organic ophthalmic article comprising in
combination:
{a) a thermoset organic polymeric matrix having a front surface
and a rear surface; and
(b) photochromic compound;
the improvement wherein:
{c) said matrix comprises polymer formed by polymerizing
polymerizable composition comprising:

(1) high refractive index imparting monomer selected from
the group consisting of bisphenol A bis((meth)
acrylate), ethoxylated bisphenol A bis({(meth)
acrylate5 containing from greater than 0 to 10
ethyleneoxy groups, phenoxyethyl (meth)acrylate,
thicdiphenol bis{(meth)acrylate), styrene, o-
methylstyrene, divinylbenzene, diisopropenylbenzene,
diallyl phthalate which constitutes from 0 to 40
percent by weight of the total monomer of said
composition, bisphenol A bis(allyl carbonate), and a
mixture of at least two or more thereof, wherein said
diallyl phthalate is diallyl o-phthalate, diallyl m-
phthalate, diallyl p-phthalate, or a mixture of two or

more thereof,
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bi sphenol A bizs(all'yl .carbonate), and a nixture of at | east two
t her eof, andih? v (2): Phexithl e mononer sel ected fromthe Er?up consi sting
of - | §W”HEfH)aérylaﬁe{of monoal kyl ether of poly(al ene

g| yco| ) , rmrioq‘r yb Te;t,‘h@rﬁf}@j ol y( al ky| ene g_l M@&L&)Stltute sheet - ZAugust 1999

nmono( ( met h) cﬁylate), pol y((meth)acryl ate) of al koxyl at ed
i
i (

pol yol cont tng -at-least - | koxy groups, and a mxture
thereof; d) said photochrom c conpound is selected fromthe group

(2) aromatic ring-containing inert plasticizer, and
(3) flexible monomer selected from the group consisting of
(meth)acrylate of monoalkyl ether of poly(alkylene
glycol), moncaryl ether of poly(alkylene glycol)
mono((me£h)acrylate), and a mixture thereof; and
(d) said article has a refractive index at 20°C. and a

wavelength ofI589.3 nanometers of at least 1.53.
3. In a photochromic organic ophthalmic article comprising in
combination:
(a) a thermoset organic polymeric matrix having a front surface
and a rear surface; and
(b) photochromic compound;
the improvement wherein:
(c) said matrix comprises polymer formed by polymerizing
polymerizable’composition comprising:

(1) high refractive index imparting monomer selected from the
group cons;sting of bisphenol A bis((meth)acrylate},
ethoxylated bisphenol A bis((meth)acrylate) containing
from greater than 0 to 10 ethyleneoxy groups,
phenoxyethyl (meth)acrylate, thiodiphenol
bis((meth)acrylate), styrene, a-methylstyrene,
divinylbenzene, diisopropenylbenzene, diallyl phthalate
which constitutes from 0 to 40 percent by weight of the
total monomer of said composition, bisphenol A bis(allyl
carbonate), and a mixture of at least two or more

thereof, wherein said diallyl phthalate is diallyl o=
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consi sting of

1, 3-di hydro-3iz Il ' S hoxy- | - propyl - spi ro[ 2Hi ndol - 2, 3' -
[ 3H] pyrido{3, @iﬁl Hi nej; )
1, 3-di hydr o- 3, 375, 5° VI - 1- propyl - spi+ Sybstitursheet- 4 August 1999

[ 3H] pyri do{3, 2-f} (1, 4) benzoxazi ne]j;
1, 3-di hydro-3, 3, 5, 6+ hys = ' 2 b - e
[3H pyridof3. 2-13( 1}331)%%5%52%(,61326:13211?1 R %Ah &0 2FiiaNd9h €5 ¥ alate, or a

3- (2, 4- di met hoxy) pheRkkn3e (de RbheX Yndherykrdst napht ho[ 2, 1- b] pyr an;
1, 3, 3,4, 5-pent anet hyl - 9' - met hoxycar bonyl - 8' - acet oxy-spi ro[ i ndol i ne-

2- 3" - [ 3H napht h[(2) 1,a8bhit #¢ 0%3g-BBhtaining inert plasticizer, and
1, 3, 3,5, 6-pent anet hyl - 9' - met hoxycar bonyl - 8' - acet oxy- spi ro[ i ndol i ne-
2, 3" -[ 3H napht h[(3) 1.fhkkib¥d GacmomBe] which comprises poly((meth)acrylate) of
3(2-f 1l uorophenyl)-3(4-net hoxyphenyl) - 8- net hoxy- 3H napht ho[ 2, 1- b] pyran;
3(2-fl uorophenyl) - 34 kery havappenyd) -dntatihony - &= azabenet diroxy3broups;
and
(d) said article has a refractive index at 20°C. and a

wavelength of 589.3 nanometers of at least 1.53.
4. In a photochromic organic ophthalmic article comprising in
combination:

(a) a thermoset organic polymeric matrix having a front surface
and a rear surface; and

(b)) photochromic compound imbibed into at least one of said
surfaces;

the improvement wherein:

(c) said matrix comprises polymer formed by polymerizing
polymerizable composition comprising aromatic ring-
containing inert plasticizer;

(d) said aromatic ring-containing inert plasticizer has a
refractive index at 20°C. and a wavelength of 589.3 nm of at
least 1.48 and is selected from the group consisting of
poly(ethylene glycol)dibenzoate, poly(propylene glycol)
dibenzoate, 1,3-bis(phenylthioc)propane, and a mixture of at
least two thereof; and

(e) said article has a refractive index at 20°C. and a

wavelength of 589.3 nanometers of at least 1.53.
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napht ho[ 2, 1-b] pyran; and._ . __....a mixture of at |least two thereof;
(e) said | ens or:len; ke

a heat distortion tenperature of
at least 35[err}C:

s ENE D ajd lens or Igns hlank has | each
transni ssi on of |at | past 40 pef omé?bﬂﬁuge s'@@% 75%‘%”‘?%?1%1 BP9 ens

bl ank has a refraéti®é A'Hedxat 2p[err]C. and a wavel engt h of
589. 3 nanometers‘%. of at_ 1..@.«351...1..,_53{ and (h) said lens or lens blank is
characterized by an absol ute
5. Inwampho%eehremicmordanic ophthalmic article comprising in
combination:
{a) a thermoset organic polymeric matrix having a front surface

and a rear surface; and
{b) photochromic compound imbibed into at least one of said
surfaces;
the improvement wherein:
(c) said matrix comprises polymer formed by polymerizing
polymerizable composition comprising:
{1) aromatic r;ng—containing inert plasticizer, and
(2) flexible monomer selected from the group consisting of
(meth)acrylate of monoalkyl ether of poly(alkylene
glycol), monoaryl ether of poly(alkylene glycol)
mono ( (meth)acrylate), and a mixture thereof; and

(d) said article has a refractive index at 20°C. and a

wavelength of 589.3 nanometers of at least 1.53.

6. In a photochromic organic ophthalmic article comprising in
combination:
(a) a thermoset organic polymeric matrix having a front surface

and a rear surface; and
(b) photochromic compound imbibed into at least one of said
surfaces;
the improvement wheréin:
(c) said matrix comprises polymer formed by polymerizing
polymerizable composition comprising:

(1) aromatic ring-containing inert plasticizer, and

[N



val ue of optical correction of at |least 2 diopters. 14. Ina
photochrom ¢ organic ophthalmc lens or |ens blank conprising in
conbi nati on: (a) a thernoset organic polyneric matrix having a front

surface and a rear surface; and goSUbstitytepshaedcit Saistoriing;
t he i nprovenent wherein: (c) said matrix conprises polyner formed by

pol ymeri zi ng (2) flexﬂ31EYH8ﬁ$ﬁéyﬂw%ieﬁn$6ﬁﬂﬂﬂs@@ ﬁsqgwéﬁékﬂﬂécrylate) of
(1) high refractive index inparting nononer selected fromthe

group consisting of &ikdxieaekdHpdiywlmebResitAlndt 8L, 1east 9 alkoxy groups;
et hoxyl at ed bi sphenol A bis(nethacrylate) containing from

greater than O to 10aret hyl eneoxy groups, phenoxyet hyl

nmet hacryl ate, thiodi phenol bis(nethacrylate), a-

met hyl st yrened) di isagar apeilebanz eneserdaak i yd DHHaLat £ooc. and a
wavelength of'589.3 nanometers of at least 1.53.
7. In a photochromic organic ophthalmic article comprising in
combination:
(a) a thermoset organic polymeric matrix having a front surface
and a rear surface; and
(b) photochromic compound;
the improvement wherein:
{c) said matrix comprises polymer formed by polymerizing
polymerizable composition comprising:

(1) high refractive index imparting monomer selected from the
group consisting of bisphenol A bis{(meth)acrylate),
ethoxylate& bisphenol A bis((meth)acrylate) containing
from greater than 0 to 10 ethyleneoxy groups,
phenoxyethyl (meth)acrylate, thiodiphenol
bis((meth)acrylate), styrene, o-methylstyrene,
divinylbenzene, diisopropenylbenzene, diallyl phthalate
which constitutes from 0 to 40 percent by weight of the
total monomer of said composition, bisphenocl A bis(allyl
carbonate), and a mixture of at least two or more
thereof, wherein said diallyl phthalate is diallyl o-
phthalate, diallyl m-phthalate, diallyl p-phthalate, or a
mixture of two or more thereof, and

(2) flexible monomer selected from the group consisting of
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whi ch constitutes fromO to 40 percent by weight of the tota

arsonat oy . el ANHRERLALIH I °Peces’ oot ﬁ(egééq{;}#ﬁ%ﬂ B30

u

phthal ate is diall%l “o- Bht hal ate, - 50 11yl
p-phthal ate, or a mxture of o two or nore thereof, and
(2) aromatic ring-cqpbehnidiaRer bs RhaikZest i) @et 861§ [DAMylene

t he group consisting of poly (ethylene glycol) di benzoate, poly

(propylene glycol) dibeszpatm®nodrPt ether of poly(alkylene glycol)
mono { (meth)acrylate), and a mixture thereof; and
(d) said article has a refractive index at 20°C. and a

wavelength of 589.3 nanometers of at least 1.53.

8. In a photochromic organic ophthalmic article comprising in
combination:
{a) a thermoset organic polymeric matrix having a front surface

and a rear surface; and
(b) photochromic compound;
the improvement wherein:
{c) said matrix comprises polymer formed by polymerizing
polymerizable composition comprising:

(1) high refractive index imparting monomer selected from the
group consisting of bisphenol A bis{{meth)acrylate},
ethoxylated bisphenol A bis{(meth)acrylate) containing
from greater than 0 to 10 ethyleneoxy groups,
phenoxyethyl (meth)acrylate, thiodiphenol
bis((meth)acrylate), styrene, o-methylstyrene,
divinylbenzene, diisopropenylbenzene, diallyl phthalate
which constitutes from 0 to 40 percent by weight of the
total monomer of said composition, bisphenol A bis(allyl
carbonate), and a mixture of at least two or more
thereof, wherein said diallyl phthalate is diallyl o-

phthalate, diallyl m-phthalate, diallyl p-phthalate, or a

mixture of two or more thereof, and

i
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bi s(phenyl thi o) propane, and a m xture of at |east two t her eof ;
(d) said photochronic conpound is selected fromthe group
consi sting of

1, 3-di hydro Am‘s ng\m t hoxy- 1- pr opy 51 SHASYIS PhReS) - 4 August 1999

[3Fﬂpyrido{ oxazi nej ;
1, 3-di hydro-3} 3,4, 5-tetranet hyl - 1- propyl-spiro[2kLindoIe-2,3'-
[ 3H) pyri do[ 3, 2- F} (1, 4) benzoxazi ne]j;

1, 3-di hydro- 3, 3,5 6ri &t e hbY.bmdr RIRRYH s SR I B €9 £or13;
[ 3H] pyri do{ 3, 2- é??lfgfbenzoxa2|ﬁ%ﬁ SRt s B LI J&edidte) of

3- (2, 4-di et hoxy) phgnybz PrtdamBb Dy Jdpheayh: i +arapbhbo[ £, alkdkpy§ Adlips ;
1, 3, 3, 4, 5-pent anet hyl - 9' - met hoxycar bonyl - 8' - acet oxy-spi ro[ i ndol i ne-
-[ 3H] napht h[ 2, 1ah$i( 1, 4) oxazi nej;
1, 3, 3, 5, 6-pent anet hyl - 9' - met hoxycar bonyl - 8' - acet oxy-spi ro[ i ndol i ne-
2, 3" - [ 3H] napfatyh[ Zaidohdidloazs Betéfractive index at 20°C. and a
wavelength of 589.3 nanometers of at least 1.53.
9. In a photochromic organic ophthalmic lens or lens blank
comprising in combination:
(a) a thermcset organic polymeric matrix having a front surface
and a rear surface; and
(b) photochromic compound;
the improvement wherein:
(c) said matrix comprises polymer formed by polymerizing
polymerizable composition comprising:

{1) high refractive index imparting monomer selected from the
group consisting of bisphenol A bis(methacrylate),
ethoxylated bisphenol A bis(methacrylate) containing from
greater than 0 to 10 ethyleneoxy groups, phenoxyethyl
methacrylate, thiodiphenol bis(methacrylate), o-
methylstyréne, diisopropenylbenzene, diallyl phthalate
which constitutes from 0 to 40 percent by weight of the
total monomer of said composition, bisphenol A bis(allyl
carbonate), and a mixture of at least two thereof,
wherein said diallyl phthalate is diallyl o-phthalate,

diallyl m-phthalate, diallyl p-phthalate, o¢or a mixture of

two or more thereof, and

, -
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3(2-11 uor ophemyl:
3(2-fl uorophenw-

"3C47 et hoxyphenyl ) - 8- met hoxy- 3H napht ho[ 2, 1-  b] pyr an;
(-4 hoxypheny!l ) - 8- met hoxy- 9- car borret hoxy- 3H

napht ho[ 2, 1- blzpyran and ! @ mixture Ofwﬁt‘ﬁl east 1o thﬁ Eugust 199§te)

said lens or eqs blaankaess a| h@at di storti Rstfuteshieet o
| east 35[err]( N B (f) said lens or lens blank has a bl each

transm ssi on qf gt ‘
| K

L erv e smree eeam e+ < s = O

{2) flex1ble monomer selected from the group consisting of
{meth)acrylate of monoalkyl ether of poly(alkylene
glycol), moncaryl ether of poly(alkylene glycol)
mono { (meth)acrylate), pely({meth)acrylate) of alkoxylated
polyol containing at least 9 alkoxy groups, and a mixture
of at least two thereof;

{d) said photochromic compound is selected from the group
consisting of
1,3-dihydro-3, 3-dimethyl-5-methoxy-1l-propyl-spiro[2H-indol-2,3" -
[3H]pyrido{3,2-£f} (1,4)benzoxazine];
1,3~-dihydro-3, 3,4, 5-tetramethyl-l-propyl~spiro[2H~indole~-2, 3’ -
[3H]pyrido{3,2-f} (1,4)benzoxazine];
1l,3~dihydro-3, 3,5, 6~tetramethyl-l-propyl-spiro[2H~-indole-2, 3’ -
[3H]pyrido{3,2~£f} (1,4)benzoxazine];
3-(2,4-dimethoxy)phenyl-3-(4-methoxy)phenyl-3H~naphtho[2, 1-blpyran;
1,3,3,4,5-pentamethyl-9’ -methoxycarbonyl-8’ ~acetoxy-spiro[indoline-
3’ -[3Hlnaphth[2,1,b][1,4]oxazine;
1,3,3,5,6-pentamethyl-9' -methoxycarbonyl-8' -acetoxy~-spiro{indoline-
2,3'"-[3H]lnaphth[2,1,b] [1,4)oxazine];
3(2-fluorophenyl) -3 (4-methoxyphenyl)~8-methoxy-3H-naphtho[2,1-
blpyran;
3(2-fluorophenyl) -3 (4-methoxyphenyl)-8-methoxy-9-carbomethoxy~3H~
naphtho{2, 1-blpyran; a&and
a mixture of at least two thereof;
(e) said lens or lens blank is characterized by an absolute

value of optical correction of at least 2 diopters;
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| east 40 percent; (g) said lens or lens blank has a refractive index

at 20[err]C vel ength of 589.3 nanoneters of at | east
s oo AR oo b e oo el .
organic ophthaln1c |l ens or lens blank conprising in conbination (a)

a thernoset H)gad@a‘&d‘)%}{g‘?& O JIRt hhén)bad@sng BeEX AL vRUEFALE at 20°c. arfid @

rear surface; phot ochrom ¢ conpound i nbi bed i nto at [east one

of said afv%ﬁgﬁ%'g/ht T '5§Br§"’r?aﬂﬁ%'ihtetlé@§rc?f %t leagk &) 533l d matrix

conprises pol yner forme ol'ymeri zi'ng ymer | zab e conposi tion

CoONprising: (4, sailalhefsohr r&I-aELLYE Ha@d%Xhég@a&fétggtﬁ@ﬁlq!@r{pe§gltgfé ek

fromthe
at least 35°C.; and

(h) said lens or lens blank has a bleach transmission of at
least 40 percent.
10. In a photochromic organic ophthalmic article comprising in
combination:
(a) a thermoset organic polymeric matrix having a front surface
and a rear surface; and
(b) photochromic compound;
the improvement wherein:
{c) said matrix comprises polymer formed by polymerizing
polymerizable composition comprising:

(1) high refractive index imparting monomer selected from the
group consisting of bisphenol A bis{(meth)acrylate),
ethoxylated bisphencl A bis{(meth)acrylate) containing
from greater than 0 to 10 ethyleneoxy groups,
phenoxyethyl (meth)acrylate, thiodiphenol
bis((meth)acrylate), styrene, a-methylstyrene,
divinylbenzene, diisopropenylbenzene, diallyl phthalate
which constitutes from 0 to 40 percent by weight of the
total monomer of said composition, bisphencl A bis(allyl
carbonate), and a mixture of at least two or more
thereof, wherein said diallyl phthalate is diallyl o-
phthalate, Aiallyl m-phthalate, dlallyl p- phthalate, or a

mixture of two or more thereof,




group con5|st|ng of bi sphenol A bis(nethacrylate), et hoxyl at ed
bi sphenol bum“amm‘\gl‘g \j!l/cogt i’ii ning from . I gr eat ﬁr than O ][O
10 et hyl eneox et hy a at t 19 no
bi s( et hacryl ate)¢ [‘err’ rrethy,b;&ﬂhsnﬁ‘ét %?él%op d@z%

di al 'yl phthal at e, bi sphenol A bis(allyl carbonate) and a

m xture of at (2) fiexibld edabméMO dnlger eof, and (2) aromatic
ring-containing inert plasticizer selected from t he group

consi sting of poby(etbydEins rghyCcodnltadnkanzomd@, plasticizer whRehyK4¥ Qpyl ene
gl ycol ) di benzoat e,
refractive index at 20°C. and a wavelength of 589.3 nm of

at least 1.48 and which is selected from the group
consisting of poly(ethylene glycol) dibenzoate,
poly(propylene glycol)} dibenzoate, 1,3—.

bis (phenylthio)propane, and a mixture of at least two
thereof; and

(d) said article has a refractive index at 20°C. and a

wavelength of 589.3 nanometers of at least 1.53.
11. In a photochromic organic ophthalmic article comprising in
combination:

{(a) a thermoset organic polymeric matrix having a front surface

and a rear surface; and

(b) photochromic compound imbibed into at least one of said

surfaces;
the improvement wherein:

(c) said matrix cémprises polymer formed by polymerizing
.polymerizable coﬁposition comprising flexible monomer selected
from the group consisting of (meth)acrylate of monoalkyl ether
of poly(alkylene glycol), monoaryl ether of poly(alkylene
glycol) mono((meth)acrylate), and a mixture thereof; and

(d) said article has a refractive index at 20°C. and a

wavelength of 589.3 nancmeters of at least 1.53.
12. In a photochromic organic ophthalmic article comprising in

combination:
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bi s( phenyl t hi 0) )
(d) said phot dchfem
consi sting of v~ oo L .
1, 3-di hydr o- 3, 3- di nBHHESEREL hoxy- | - pr opyIssSHIBsETYls shres -4 August 1999
[ 3H~pyri do{3, 2-ff }lbenzoxazi.nel; ... .
1,3-dihydro-3,3,4,5-tetranethy|-1-propy|-spiro[2kLindoIe-2,3'-
[ 3H] pyri do{ 3, 2- £}{-154)}-benzoxazine] ;
1, 3-di hydro- a3, 3 @ntehése®idiyhnlc ORMerspi Al hadoh$-2.£3ont
[ 3H] pyri do{3, 2-f} (1, 4) benzoxazi ne]j;
3- (2, 4- di net hoxy) phegide- 3nd4a NRIaFOX M} Phedty landH- napht ho[ 2, 1- b] pyr an;
1, 3, 3,4, 5-pent anet hyl - 9' - met hoxycar bonyl - 8' - acet oxy-spi ro[ i ndol i ne-
2- 3" - [ 3H] napti)h[ 2hdrbthiomt]coxampoedd imbiBed, it pentaawt e of said
-9' - met hoxycar bonyl - 8' - acet oxy-spi ro[ i ndol i ne-

surfaces;

and -aiiixture of at |east two t her eof ;
onpound iis selected fromthe group

the improvement wherein:

(c) said matrix comprises polymer formed by polymerizing
polymerizable composition comprising flexible monomer which
comprises poly({(meth)acrylate) of alkoxylated polyol
containing at -least 9 alkoxy groups; and

{(d) said article ﬁas a refractive index at 20°C. and a
wavelength of 589.3 nanometers of at least 1.53.

13. In a photochromic organic ophthalmic lens or lens blank
comprising in combination:

(a) a thermoset organic polymeric matrix having a front surface
and a rear surface; and

{b) photochromic compound imbibed into at least one of said

surfaces;
the improvement wherein:
{c) said matrix comprises polymer formed by polymerizing
polymerizable‘composition comprising:

(1) high refractive index imparting monomer selected from the
group consisting of bisphenol A bis(methacrylate),
ethoxylated bisphenol A bis(methacrylate) containing from
greater than 0 to 10 ethyleneoxy groups, phenoxyethyl

methacrylate, thiodiphenol bis(methacrylate), o-

methylstyrene, diisopropenylbenzene, diallyl phthalate,

* c L M s *



- [ 3H] naph 4 oxa2|ne]
3( 2 fl uor ophe llH @.l I henyl ) 8- net hoxy- 3H napht ho[ 2, 1- b] pyr an;
3(2-fl uorophe henyl)-8-netho 9- carbonethoxy 3H
napht ho[ 2, 1- b] pyran; and a mxture _ofseg hstifute shestithAngust 1999 )
said lens or lens blank has a heat distortion tenperature of at

least 35[err]C.;  piédnenciandpl 05191 LeRSotdNk BAs A rilxeaeh &f asm ssion
of at | east 40 percent; (g) said lens or lens blank has a

refractive index at 1gg)$@rtﬁ,i|octhaf1§bf, and a wavel ength of 589.3 nanoneters
of at least 1.53; and
{2) flexible monomer selected from the group consisting of
{meth)acrylate of monoalkyl ether of poly(alkylene
glycol), monoaryl ether of poly(alkylene glycol)
mono { {(meth)acrylate), poly((meth)acrylate} of alkoxylated
polyol containing at least 9 alkoxy groups, and a mixture
thereof;
(d) said photochromic compound is selected from the group
consisting of
1,3-dihydro-3, 3-dimethyl~5-methoxy-l-propyl-spiro[2H-indol-2, 3" -
[3H]pyrido{3,2-f} (1,4)benzoxazine];
1,3—dihydro—3,3,4,5—t§tramethyl—1—propyl—spiro[2H—indole—2,3'-
[3H]pyrido{3,2-f}(1,4)benzoxazine];
1,3-dihydro-3, 3,5, 6-tetramethyl-1-propyl-spiro[2H-indole-2, 3’ -
[3H]pyrido{3,2-f} (1, 4)benzoxazine];
3-{2,4-dimethoxy)phenyl-3~ (4-methoxy)phenyl~-3H-naphtho[2, 1-b]lpyran;
1,3,3,4,5-pentamethyl~9’ -methoxycarbonyl-8’ -acetoxy-spiro[indoline-
2-3’~[3H]lnaphth[2,1,b]l[1,4]0oxazine];
1,3,3,5, 6-pentamethyl-9’ -methoxycarbonyl-8’-acetoxy-spiro[indoline-
3'~[3H]naphth[2,1,b][1,4]oxazine];
3(2-fluorophenyl) -3 {4-methoxyphenyl)-8-methoxy-3H-naphtho[2, 1-
blpyran;
3(2—fluorophenyl)-3(4§methoxyphenyl)—8—methoxy—9~carbomethoxy—3H—
naphtho{[2,1-blpyran; and

a mixture of at least two thereof;
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(h)” said lens or lens blank is characterized by an absol ute val ue of
optical correction of at |east 2 diopters.
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(e) said lens or lens blank has a heat distortion temperature of
at least 35°C.;

(£) sald lens or lens blank has a bleach transmission of at
least 40 percent;

(g) said lens or lens blank has a refractive index at 20°C. and

a wavelength of 589.3 nanometers of at least 1.53; and
(h) said lens or lens blank is characterized by an absolute
value of optical correction of at least 2 diopters.
14. In a photochromic organic ophthalmic lens or lens blank
comprising in combination:
{a) a thermoset organic polymeric matrix having a front surface
and a rear surface; and
{b} photochromic compound;
the improvement wherein:
{c) said matrix comprises polymer formed by polymerizing
polymerizable:composition comprising:

(1) high refractive index imparting monomer selected from the
group consisting of bisphenol A bis(methacrylate),
ethoxylated bisphenol A bis(methacrylate) containing from
greater than 0 to 10 ethyleneoxy groups, phenoxyethyl
methacrylate, thiodiphenol bis(methacrylate), o-
methylstyrene, diisopropenylbenzene, diallyl phthalate
which constitutes from 0 to 40 percent by weight of the
total monomer of said composition, bisphencl A bis(allyl
carbonate), and a mixture of at least two thereof,

-. wherein saiq diallyl phthalate is diallyl o-phthalate,

diallyl m-phthalate, diallyl p-phthalate, or a mixture of

) 0
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two or more thereof, and
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(2) aromatic ring-containing inert plasticizer selected from
the group consisting of poly (ethylene glycol)
dibenzoate, poly (propylene glycol) dibenzoate, 1,3~
bis (phenylthio) propane, and a mixture of at least two
thereof:;

(d) said photochromic compound is selected from the group

consisting of:
1l,3-dihydro-3, 3-dimethyl~-5-methoxy-1-propyl-spiro[2H-indol-2,3" ~
[3H]pyrido{3,2-£f}(1,4)benzoxazine];
1,3-dihydro-3, 3,4, 5~-tetramethyl-l-propyl-spirc[2H~indole~2, 3’ ~
[3H]pyrido{3,2~F}(1,4)benzoxazine];
1,3-dihydro-3, 3,5, 6-tetramethyl-l-propyl-spiro[2H-indole-2,3" -
[3H]pyrido{3,2-f} (1,4)benzoxazinel;
3-(2,4-dimethoxy)phenyl-3-(4-methoxy)phenyl-3H-naphtho[2, 1-b]pyran;
1,3,3,4,5~pentamethyl-9’ -methoxycarbonyl-8' -acetoxy-spiro[indoline-
2-3"-[3H]lnaphth{2,1,b]l[1,4]oxazine];
1,3,3,5,6-pentamethyl~9%’ -methoxycarbonyl~8’-acetoxy-spiro[indoline-
2,3'"-[3H]lnaphth([2,1,b][1,4}oxazine];
3(2~-fluorophenyl) -3 (4-methoxyphenyl)-8-methoxy-3H-naphtho[2, 1~
blpyran;
3(2-fluorophenyl) -3 (4-methoxyphenyl)-8-methoxy-9-carbomethoxy-3H-
naphtho[2,1-b]pyran; and
a mixture of at least two thereof;
(e) said lens or lens blank has a heat distortion temperature of

at least 35°C.;
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(£) said lens or lens blank has a bleach transmission of at
least 40 percent;
{g) said lens or lens blank has a refractive index at 20°C. and
a wavelength of 589.3 nanometers of at least 1.53; and
(h) said lens or lens blank is characterized by an absolute
value of optical correction of at least 2 diopters.
15. In a photochromic organic ophthalmic lens or lens blank
comprising in combination:
(a) a thermoset organic polymeric matrix having a front surface
and a rear surface; and
(b) photochromic compound imbibed into at least one of said
surfaces;
the improvement wherein:
(c) said matrix comprises polymer formed by polymerizing
polymerizable composition comprising:

(1) high refractive index imparting monomer selected from the
group consisting of bisphenol A bis(methacrylate),
ethoxylated bisphenol A bis(methacrylate) containing from
greater than 0 to 10 ethyleneoxy groups, phenoxyethyl
methacrylate, thiodiphenol bis(methacrylate), a-
methylstyréﬁe, diisopropenylbenzene, diallyl phthalate,
bisphenol A bis{allyl carbonate), and a mixture of at
least two thereof, and

(2) aromatic ring-containing inert plasticizer selected from

the group consisting of poly(ethylene glycol) dibenzoate,

poly (propylene glycol) dibenzoate, 1,3%
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bis{phenylthio)propane, and a mixture of at least two
thereof;
(d) said photochromic compound is selected from the group
consisting of.
1, 3-dihydro-3, 3-dimethyl-5-methoxy-1-propyl-spiro{2H-indol-2,3"' -
[3H]pyrido{3,2-f}lbenzoxazinel;
1,3-dihydre-3, 3,4, 5-tetramethyl-1-propyl-spiro{2H~indole-2,3* -
[3H]pyrido{3,2-f} (1,4)benzoxazine];
1,3-dihydro-3, 3,5, 6-tetramethyl-1-propyl-spiro[2H-indole-2,3' -
[3H]pyrido{3,2-f} (1,4)benzoxazinel;
3-(2,4-dimethoxy)phenyl-3-(4-methoxy}phenyl-3H-naphtho (2, 1-blpyran;
1,3,3,4,5-pentamethyl-9’ -methoxycarbonyl-8’ -acetoxy-spiro[indoline-
2-3'-[3Hlnaphth{2,1,b]{1l,4)oxazine];
1,3,3,5,6—pentamethylf9'—methoxycarbonyl~8’—acetoxy—spiro[indoline—
2,3'-(3H]lnaphth{2,1,bl[1,4l0oxazine];
3(2-fluorophenyl) -3 (4-methoxyphenyl)-8-methoxy-3H~naphtho{2, 1~
blpyran;
3(2-fluorophenyl) -3 (4-methoxyphenyl) -8-methoxy-9-carbomethoxy-3H-
naphtho[2, 1-blpyran; and
a mixture of at least two thereof;
(e) said lens or lens blank has a heat distortion temperature of
at least 35°C.;
(£) said lens or lens blank has a bleach transmission of at
least 40 percent;

(g) said lens or lens blank has a refractive index at 20°C. and

a wavelength of 589.3 nanometers of at least 1.53; and

1
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(h) said lens or lens blank is characterized by an absolute

value of optical correction of at least 2 diopters.




