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POLYMERIZABLE ORGANIC RESIN COMPOSITIONS
AND ARTICLES PREPARED THEREFROM

——

DRSCRIETION OF THE INVENTION

The present invention relates to polymerisable symthetic
polyol{allyl carbonats) compositions and articles prepared therefrom,

particularly articles having organic photochromic material(s) appliled

More particularly, the present invention '

to or incorporated therein.

relates to certain polymerizable polyol(allyl carbonate) compositions
10 that contain from sbout 10 to about 30 waight percent of a mixture of
aliphatic urethanes, the terminal (or end) groups of which contain
allyl and/or acrylyl unsaturation, and to photochromic erticles
prapared from polymerizates of such compositions. Depending on the
amount and relativ§ quaantities of the acrylyl- and allyl-functional
153 groups in the aliphatic urethane components in the polymerizable
polyol(allyl carbonate) compositicns, the initiated pot 1ife of such
compositions may vary from being relatively brief, e.g., 5 hours at
25°C., to a pot 14fe comparable to initiated diethylene glycol
bis(ellyl carbonate). Asticles prepared from such compositions are
20 nearly colorless and do not generally pre-releage from the mold in
which they are cured, ¢.g., in a constant temperature water bath.
Photochromic articles prepared from such compositions are
characterized by an improved photoehtdmic'rasponle compared to
photochromic articles prepared from a homopolymer of diethylene glycol
25 bis{allyl earbonata).
Photochromism iz a phenomenon 1nvolving 8 ehan;e in color of
a photochzomic substance (or an article containing such a substance)
vwhen it is exposed éo-light radiation involving ultraviolet rays, such
- &8 ultreviolet radiation contained in sunlight or in the light of a
30 wercury lamp, aad a reversion to the 6riginal color when the influence
of the ultraviolet radiation 1e discontinued, e.g.s by storing the
substance (or article) in the dark or removing the source of
ultraviolet radiation. In recent years, photochromic plastic
materials.'particularl& plastic materials for optical applicati&na.
35 have been the subject of considerable attention. In particular,
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photochromic ophthalmic plastic lenses havz been inventigatéd because
of the weight advantage they offer, vis 4 vis, glass lenses. Moreavet,
photochromic transparencies for vehicles, such as cars and airplanes,
have been of interest because of the potential safety featufes that
guch tranaparencies offer.

When incorporated within the matrix of e synthetic orgenic
tranaparency {or applied to a substrate of such matrix), e
photochromic substance cheages color when exposed to ultraviolst
light. This chbange in color reduces the amount of light transmitted
through the tranaparency. It is desirable that the equilibrium
response of the photochromic substance-containing transparency at all
normal ambient temperatures, including relatively high ambient
temperatures, e.g., temperatures ou the order of 95°F. (35°C.), be
gignificant. )

It is reported that when a photochromic |ubatnace, €if.y &
photochromic compound, converts to its colored form by absorption of
ultraviolet light radiation, i.e., the so-called coloring reaction, a
reverse reaction occurs simultaneously in which the colored form
reverts to the colorless (or original color) form as a result of
exposurs to white light and/or the acticn of heat, i.e., the so~called
bleaching resction. The rate of blesching due to heat (thermal fade)
increases with incressing temperaturs. At relatively high smbient
temperatures, e.g., 93°F. (35°C.), the rate of thermal fads can become
significant and, sz a consequence, the photochromic substance does not
develop a sutficiéntly intenge color, i.e., the luminous transmission
of a transparency at such temperatures is significantly larger than at
lowsr temperatures, €.g., 55-75°F. (13-24°C.). Btated conversely, the
activated eolor of the photochromic transperency is lighter st high
smbient tempersturea than at lower ambient Lempsratures.

It is reported in U.§5. Patent 4,994,208 that photochromic
articles, e.g., trangparencies, preparad from certain polymerisable
polyol(allyl carbonzte) compositions exhibit an improved photochromie
equilibrium responae compared to photochromic articles prepaved from
homopolymers of a polyol{allyl ecarbonate), such as diethylene glycol
bic(allyl_carbanite). This improved equilibrium response is suggeuted
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to be observable at temperatures of from 0°F. (-18°C.) to 115°F,
(66°C.), e.g., from 30°F. (~1°C.) to 100°F. (38°C.), particularly over
the ambient temperature range from about $53°F. (13°C.) to sbout 95°F.
(35°C.). Such improvement in the photochromic responae is deacribed
to be & result of an improvement im the coloring efficiency, i.e., the
efficiency of the so-called coloring reaction, in polymerizates of
such polyol{allyl cazbonate) compositions.

More particularly, the polyol(allyl carbonate)} compositioms
desczibed in U.8. Patent 4,994,208 comprise a mixture of a major
amount of a polyol{ally: carbonate), e.g., disthylene glycol bis(aliyl
cazbonate), and & minor amount of a certain urethane containing
athylenic unsaturation,; e.g., acrylyl functiomal groups, at its
terminal ends., Optionally, a small amount of a copolymerizable
difunctional monomer, such as allyl methaccylata, may be added to the
composition to emhance the hardness of the polymerizate prepared from
the polyol(allyl carbonate) composition. The initfated pot life of
polyol{allyl carbonate) compositions described in U.§. Patent
4,994,208 is relatively short, which can pose processing difficulties
to some manufacturers of cast articles that use such compositions.
!owev.é, some casters of polyol(allyl carbonate) compositions desire

compositions having an initiated pot life which permits two castings a

day instead of the one casting & day obtained with diethylene glycol
bis(allyl carbonate) or compositions of & similar long initiated pot

1ife.

Plastic optical, e.g., ophthalmic, commercial lenses are
prepared to a significant extent by polymerizing the polyol(allyl
carbonate) monomer, diethylene glycol bis(allyl carbonate), with =
free-radical initiator, usually s dialkyl peroxydicarbonate such as
dilsopropyl psroxydicarbonate, in glass molds., The pot 1ife of &
bateh of diethylene glycol bis{allyl carbonate)~initiated momomer,
i.e., monomer to which an initiating amount of £ree-radical initiator
has been added, is on the order of about 24 hours at 25°C., which
ptovi&es the manufacturer (caster) of lenses gufficient time to
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degaas, filter and cﬁarse the entire batch of initiated monomer to .
molds before gelling of the wonomer occurs.

Diethylene glycol big(allyl carbonate) compoeitions dese:ibed
in U.8. Patent 4,994,208, i.e., compositions containing an aliphatic
polyesterurethane diacrylate, have a pot life, i.e., the time from
initiation to gelling, om the order of 5 hours st 25°C. This
significantly reduced pot 1ife compared to disthylene glycol bis(allyl
carbonate) can regult in operating difficulties for the caster.
Moreovar, it has been found that cagtings prepared with the diethylene
glycol bis(allyl carbonate) compositions of U.S. Patent 4,994,208 may
have & notloeable yellow cast, which is not desirable for articles,
such as lensel,'that are required to be optically clear.

It has now besn discoversd that polyol(allyl carbonate)
compositions that contain mimor amounts of & mixture of certain
aliphatic urethanes the terminal (or end) groups of which contain .
allyl and/or scrylyl uneaturation, have an initiated pot 1ife that is
longer thau 5 hours at 25°0., e.g., even approaching about 24 hours at
25°C., while providing nearly colorless cast articles, such as
lenges. Such compositions do not pre-zelesse generally from the molds
in which they are cured ~ a problem that has been observed with
certain polycl{allyl cerbonate) compositions containing only

bis(allyl-terminated) aliphatic urethanes, i.e., such compositiocns
being substantially !rae of bia(acrylate-terminated)aliphatic

urethanes. :
In accordance with the present i{nvention, thers ave provided

- cezrtain liquid polymeriszsble polyol(aliyl carbonate) compositions

30

s

comprleing & blend of copolymerizeble monomeric materials; namely, (1)
polyoi{allyl carbonate) monomer, ®.§., diethyiené glycol bisfallyl
carbonate), and (2) & mixture of (a) aliphatic urethane(s) having
allyl ungaturation in at least one of its terminal groups, and (b)
aliphatic urethane(s) having acrylyl unsaturation in at least one of

‘{ts terminal groups. More perticularly, the polymerizable

polyol(allyl carbonate) monomer represents from about 70 to mbout 90
weight percent, preferably from asbout 75 to 85, particularly about BO
tc about 84 weight perceat of the copolymerizshle compoaition. The
urethans content of ;he blend (and the resulting polymerizate) will
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vary with the amount of aliphatic polyursthene(s) used. To avoid
yellowing of cutings as a reault of a post-casting heat treatment, it
is preferred thet the urethane content of the bland of copolymerizable
monomeric materials be in the range of from about 3.9 to about 4.9

$ percent.,

!olyol(allyi carbonate) monomers that may be used in the
aforedescribed polymerizable composition are allyl carbonates of
linear or branched aliphatic or aromatic liquid polyols, e.g..
aliphatic giyecol bis(allyl carbonate) compounds, or alkylidene

10 bigphenol bis(allyl carbonate) compounds. These monomers may be
described as unsaturated palycarbonates of polyols, e.g., glycola.
The monomers may be yrepared by procedures well known in the art,
e.f.s 28 dascribed in U.8. Patent Nos. 2,370,567 and 2,403,113,

Polyol(allyl carbonate) monomers may be reprassnted by the

15 graphic formulas '

R'~[-0-0(0)-0-R], . I

vherein R is the radical derived from an miaturated elgohel and ia

20 commonly an allyl or asubstituted allyl group, R' is the radical
derived from the polyol and m is a whole number from 2-5, preferably
2. The allyl group may be subatituted at the 2-position with e
halogen, most notably chlorine or bromine, or an alkyl group
containing from 1 to & carbon atoms. Generally the alkyl cubltituen!:

a5 i3 a methyl or ethyl group. The allyl group may be repressnted by the
graphic formula:

¥4CaC(R,)~CH - 11

30 whcre:ln By is hydrogen, balogen or a 0;-0, alkyl group. Moat
commenly, R, is hydvogen and consequently R ia the allyl group,
H,C=CH-CHy=. : :

R' is a polyvalent radical derived from the polyol which can
be an aliphatic or aromatic polyol that contains 2, 3, & or 5 hydroxy

35 groups. Typically, the polyol contains 2 hydroxy group, i.e., a
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glycol or bisphencl, The aliphatic polyol may be linear oi_branched
and contains from 2 to 10 carbon atoms. Commonly, the aliphatic
polyol Ls an alkyleme glycol having from 2 to 4 carbons atoms or

po1y(Cy,-0,) alkylens glyccl, e.g., etbylene glycol, propylene glycol,

trimethylene glycol, tetramethylene glycol, or diesthyleme glyeol,
triethylene glycol, etc.

Specific examples of polyol(ellyl carbonate) moncmexs include -

ethylene glycol bis(2=chloroallyl carbonate), sthylene glycol
bis(allyl carbonate), diethylene glycol bis(Z-methallyl carbonate),
diethylenes glycol bis(allyl carbonate), triethylene glycol biasallyl
carbonate), propyiene glycol bis(2-ethylallyl cerbonate), 1,3-propene
diol bis(allyl carbonate), 1,3-butanedicl bis(allyl carbonate),
1,4=butanediol bis(2-bromoallyl carbonate), dipropylene glycol
bpies(allyl carbonate), trimethylene glycol bis{2-ethylallyl carbonate)},
pentamethylene glycol bia(allyl carbonate), and isopropylidens
bisphenol bis(allyl carbonste), Disthylene glycol bis(aellyl
carbonate) is the preferred polyol(allyl carbonate) monomer.

A detailed degcription of polyol{allyl carbonate) menomers
that may be used to form tha polyol(allyl carbonate) composition of
the present invention is found in U.8. Patent 4,637,698 at colum 3,
1ine 33 through columa 5, line 61l. That disclosure is hereby

incorporated by reference and is summarised sbove., As used in the

present description and claims, the term polyol(allyl carbonate)
monomer or like names, e.g., diethylene glycol bis(allyl carbonete),
are intended to mean and i{nclude the named monomer or prepolymers
thereof and auy related moriomer or oligomer species contained

therein. :
The polymerizable polyol(allyl carbonate) composition of the

present imventicn may contain from about 10 to about 30, e.g., 15 to
25, weight percent of a mixture of aliphatic urethene(s), the terminal
(or end) groups of which contain ethylenic unsaturation in the form of
allyl! and/or acrylyl fuactiocnal groups. When prepared in a

concentrated form, the polyol(allyl carbonate} composition may contain |

up to 70 weight percent, e.g. 10 to 70 weight percent, of the mixture
of aliphatic urethane(s), The mixture of aliphatic urethanes
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contemplated herein include e mixturs of aliphatic urethanes, some of
which contain (a) bis(allyl) unsaturation, some of which may contain
(b) bisacrylyl) unsaturation, and some of which coutain (c¢)
monoallylemoncacrylyl unsaturation, i.e., an aliphatic urethane

5 containing one terminal group having en allyl functional group end the
othei terminal group having an acrylyl functiomal group.

It is particulatrly contemplated herain that the polymerizsble
polyol(allyl carbonate) compogition of the present invention used to
prepare castings contain from sbout 16 to sbout 20 weiiht.perceat of &

10 mixture of aliphatic urethanes selected from a mixture of! '

UIXTURE A

1., ' at least cne aliphatic urethana ﬁ:vins allyl unsaturation in

15 both end groups, and
2. at Jeast one aliphatic urethsane having allyl unsaturstion in
one end group and acrylyl unsaturcation in the other end

group, or
20 : ' _ MIXTURE B

1. at least one aliphatic urethane having allyl unlatutatiou'in
bath sad groups,
2., at least one aliphatic urethane having scrylyl unsaturation
15 ia both end groups, and :
3. at least one aliphatic urethane having allyl unsaturation in
one end group and acrylyl unssturation in the other end group.

More particularly, the terminally-ungaturated sliphatic urethanes
30 comprising the mixture of sliphatic urethanes in the polyol(ailyl
carbonate) composition may be repressnted by the expressions:

D-B~A-B~D I1I-1
D-B~-A-B~D! ' I11-2
kM ' D'«B-A-B~D' 111-~3
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whezrein D represents the terminal functiopal group containing allyl
unsaturation, D' represents the terminal functional group comtalning
acrylyl unsaturation and B represents en aliphatic bis carbamic wolety
that originates from the corresponding aliphatic diisocyanate. Group
B in the foregoing graphic expruseions may be represented herein by
the formula, ~0C(0)-NH(E)NE-C(0)-O-, whevein E is the aliphatic (or
cycloaliphatic) residue of the aliphatic diigocyanate.

Group A in the foregoing graphic expressiona reprssents the
residus of a saturated aliphatic polyel, s.g., dlol, such as & Cy-04
alkeme diol, diethylene glycol, a polyether diol, a polycarbonate diol
or & polyeater diol, if.e,, the rasidus remaiuidg after removal of the
hydroxyl groupe from the polyol, e.g., dicl. For example, when the
polyol is butane diol, A in the foregoing graphic expregsions may be
represented by the formuls, ~CHz-CHy-CHj=CHy= (0r =(CHjp)y=).
Preferably, A ia the residue of a polyester diol, diethylene glycol,
or 03~Cgs e4g.s 02-Cy, alkane diol, e.g., butane diol.

8ince Group A may represent an aliphatic polyol seleeted from
the foregoing described groups, it iz evident from the aforedescribed
embodiments of MIXTURE A and MIXKTURE B that component A in the
expressions III-]1 -« III-3 way be the same or different for each of the
aliphatic urethanes compriging the polyol(allyl carbonate)
composition. For example, the mixture of aliphatic urethanes may
comprige tvo or more materials represented by expression III~l wherein
component A in each material is differemt. More particularly, these

23 materisls may be vepregented by the expressions,

30

35

DeBed'=3-D 1114

D~B-A"~B-D I1I-5
D-B-A'~B-D' 111-6
D'«B-A"-3~D" 111~7 -
D!~B-A'-B.D* 111-8

D'~B-A"-3-D' I11~9.

wherein A’ and A" are each the residue of a saturated aliphatie polyol

gelacted from the group comsisting ofla Cy-Cg alkane diol, diethylene

e S
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glyecol, a polyel:her diol .' a polycarbonate diol or a polyester diol.
In one pa:ti.cuhr embudiment A' is the residue of a polyuter diol and
A" ia the residue of a 0,~Cg alksne diol. _

Other embodiments are also contemplated wherein different

5 polyol tvesidues, s.g., A''' or A", may be used in combination.with
those hereinbefore described. Movegver, the aliphatic dilpocyanate
from which component B {n the foregoing expressions is derived alao
may be the game or different for the aliphatic urethanes used in the
mixture. Yor example, there may be components B', B", ete. that mey

1¢ be used in combination with components A', A", etc. and/or D and D' in
various combinations and permutations,

In partisularly prefsrred embodinments, the mixtuze of
aliphatic urethansa includes either (1) a bis(allyl~terminuted)
polytltirﬁral:hlnt. a big(allyl=tesminated) urethane derived from a

15 Cg=Cy alkane diol, a polyesterursthans having an allyl-containing
terminal functional group and an acrylyl-contalning termingl
functional group, and an aliphatic urethane derived from a Cy~Cg
alkane diol having an allyi—donuining terminal functional group and
an acrylyl-containing terminal functional group; or (2) =

%0 bisCallyl=terninated) polyestnruuthanc. a bis(acrylyi=-tarminated)
polyesterurethane and & polyesterurethans having an l.llyl-containing
terminal functional group and an acrylyl-containing terminal
functional group. Preferably, the polyester diol is a

 polycaprolactone diol and the Gy-Cg alkane diol ia butane diol.

25 In the Foregoing aliphatic urethane mixtures, the molar ratio
of allyl groups to acrylyl groups may vary from about 15:1 to ghout
l:l. Ususlly, the smaller. the ratio of allyl to acrylyl groups, the
shorter the initiated pot life of the polyol(ally)l carbonate) -
composition containing the mixture of aliphatic urethanes. Further,

30 in such aliphstic urethane mixtures, the molar mwount of polyester
diol to alkene diol used to prepare such mixtures may vary from sbout
9535 to about 70230, e.g., about 80320, which corresponds to molar
ratios of 19:1 to 2.3:1, e.g. 4:1. The mixture of aliphatic urethanes
should form a homogeneous mixture in and be copolyﬁef.‘.nhla with the

35 polyol{allyl carbonate), e¢.g., diethylene glycol bie(allyl carbonate),
with which it is blended.
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The terminal group D in the foregoing expressions contains

allyl unsaturation, and is preferably the allyl group, i.e.,
CH,=CH~CHy=, which originates, for example, from allyl llcohol The

_ terminal group D', which containg acrylyl ungetuzration, may ; contain

5 acrylyl or methacrylyl unsaturation, i.e., CHy«C{L)-C(0)-, wherein L
is hydrogen or methyl. The terminal group D' may also be represented
by the expression CHyw0(L)-C(0)-0-M, wherein ¥ is au alkylene group of
from 2 te 6 carbon atoma, such as ethylens, e.g., the group derived
from 2-hydroxyethyl scrylate or methacrylate, The term "acrylyl®,

10 vhen used in the description and claims in the genaric sense, is
intended to include "methscrylyl”, i.s., when "L" is hydrogen or
methyl. : _

Diisocyanates that may be used to prepare the aliphstic
ursthane component of the polyol{allyl carbonate) composition are

15 aliphatic diisocyanates, cycloaliphstic diisocyanates and
tetramethylens xylene diisocyanats. For convenience and brevity, such
isocyanates will be referred to collectively as aliphatic
diisccysnates. Such materials are subgtantially free of aromatic
isocyanate groups. By subatantially free of aromatic moietiass is

20 meent that the aliphstic dilsocyanate (and thus the ellyl-terminated
aliphetic urethane component) contains 1 percent or less of aromatic
diigocyanate groupas., Examples of suitable diisocyanates include
1,6-haxamethylene diisocyanate, l,4-tetramethylene diisocyanate and
1,10-decamethylene diisocyanate, &,4'-methylensbis(ayciohexyl

25 isocyanate), 4,4'-mathylene-bis(3-methyl cyclohexyl isccyanate),
hydrogenated toluene diisocysnate (including hydrogenated produntc

oft (a) the %,4~izomer, (b) the 2,6~isomer, (c) the
80/20-2,4/2,6-iscmer mixture and (d) the 65/35-2,4/2,6-isomer
wixture), %4,4'-isopropylidens bis(cyclohexyl isocyanate),

30 1,4~cyclohexane diisocyanate, 4,4'-dicyclohexyl diisocyanate,
244'~dicyclohexyl diisocyanate, tetramethyl xylane diisccyanate, and
3-igocyanatomethyl-3,5,5-trimethylcyclohexase isocyanate. FPreferably,
the aliphatic diisocysnate ia hydrogenated toluene diisocyanate or
3-isocysnatomethyl-3,5,5-trimethylcyclohexane isocyanate (isophorona

35 diisocyanate). :

7—‘"\\-_____
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As described, component A In the foregoing graphic
expressions repredents the residus, i.e., after removal of the
terminel tydroxyl groups, of a saturated aliphatic pelyol, e-g., diol,
guch as an alkene diol containing from 2 to 6, e.g., 2 to &4, carbon '
atome, diethyleno glycol, polyether dicls, polycarbenate diols and
polyester diola. Preferably, the aliphatic polyol from which the
component A originates iz & liquid at room tempe:ntute and is &

polyester dlol or alkane diol.
Polyester diols may be prepared by techauiques well~known in

the srt, e.g., using saturated dicarboxylic acids or anhydrides
thereof {or combination of acids and snhydrides) and polyhydric
alcohole, or by ring opening of caprolactones, e¢.g., epailon
caprolactons, with a straight chain glycol, e.g., diethylene glyecol.
Such polyester diols and their manner of preparation ars well known
and are fully degcribed in the published literature. Many are
commercially aveilable in various molecular wéightl. Aliphgtic
dicarboxylic acids suitable for preparing polyesters are those
containing from sbout & to about 14, prefersbly from about 6 to about
10, carbon atoms inclusive. Examples of such dicarboxylic acids
include: euccinic acid, glutaric scid, adipic acid, pimelic acid,
suberie acid, azelaic acid and sebacic acid. (Corresponding anhydrides
can almo be used. Typlcally, adipic and aselaic acids are used.

The polyhydric alcohols used in ths prepazaticn of polyester
diols are typically sliphatic alcohols containing at least 2 hydroxy
groups, e.g., straight chain glycols containing from 2 to 185,
preferably from 4 to 8, carbon stoms inelusive., More preferably, the

aliphatic alcchols contain only 2 hydroxy groups. The glycols contain

bydroxyl groups praferably in the terminal positionz. Examples of
such polyhydric alocohols inciuda ethylene glycol, diethylene glycol,
triethylene glycol, tetrasthylens glycol, {,3-~propane diol, 1,3-butane

. diol, 1,4-butane diol, 1,5~pentane diol, 2,2~dimethylpropane diol,

1,5-hexane diol, 1,7-heptane diol, 1,8-octane diol, 1,10-decans diol

~ and mixtures of such polyhydric alcohols.

33

In preparing the polyester diol, the dicathokylic acid (or
anhydride thereof) is reacted with the polyhydric alcohol usually in
the presence of & small amount of esterification catalyst, such ae a

'I‘lns Sheet Has Been Reﬂ

L




*]
(3
<>

. -

<

[ 2]

10

15

20

25

30

3:59%M  LADAS PARIV N V. Jo.vk28 2 19
: ™ Y
’ ¥
-1z~

conventional organo tin catalyst. The amount of scid and alcohol
used will vary lnd‘deftnd-cntthe polyester molecular weight deaired.
Hydrozy terminated polyesters are obtained by utilizing an excess of
the alcohol, thezeby to_qb;-in linesr chains contalning a
preponderance of terminiinﬁydruuyl groups. Examples of polyesters
inelode: poly(l,4-butylene ndlﬁato). poly(l,4-butylene succinate),
poly(l,4-butylens glutarate), poly(l,4~butylene pimelate),
poly(l,4-butylane suberate), poly(l,4-butylene arelate),
poly(l,4-butylene sebacate) and poly(epailon caprolactone). Folyester
diols contemplated for ude may have a molecular weight average
molecular weight from about 400 to sbout 2000, e.g., from about 400 to
1000, based on hydroxyl end group analysis of the polymer.
Polycarbonate diols that may be used to prepare the aliphatic
urethans component of the polyol (allyl carbonate) composition may.
have weight average molecular weights ranging from about 300 to about
5000, s.g., 530 to 3300, more particularly from 750 to 1500, as
determined by hydroxyl end group analysis. Aliphatic polycezbonate
diols are described in U.8. Patent Nos., 3,248,414, 3,248,415, '
3,248,016, 3,186,961, 3,215,668, 3,764,457 and 4,160,853. Buch
hydroxy-terminated polycarbonates may be prepared from (1) carben
dioxide and 1,2~epoxides, (2) cyclic cazbonates, such as ethylene
carbonate, or (3) from cyclic carbonates and 1,2-spoxidas by methods

known in the art. Polycarbonate diols may also be prepared by

reacting aliphatic diols with bischloroformates of aliphatic diols in
the presence of inert golvents and acid accoytorc,'e.g.. tartiary
emines. In addition, polycarbonate diols may be prepared from
glycols, euch az ethylene glycol, propylene glycol and diethylene
glycol, and dialkyl carbonates, such as diethyl carbonate and dimethyl
carbonate, by a transesterification reaction. -
In particular, U.5. Patent 4,160,853 describes the synthesis

" of aliphatic polycarbonate diols by the reaction of an aliphatic diol

35

and & dialkyl carbonate in the presence of a titanium catalyst. The
reaction sequeace may be depicted by the following equation:

| I
(n+1)HO-R,~0B+(n)R30-C-0Rg 3 HO[R,—0-C-0],R,~OH+Z0Ra0H, IV
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wherein n i a number frem 4 to 46, Ry is an aliphatic group (linear
or cycloaliphatic) containing from &4 to about 10 carbon atoms, and R
is & lower alkyl group containing 1 to & carbon atoms. Preferzed
aliphatic diols includes 1,4-butane diol, and 1,6-hexane 6101.

5 Diethylcarbonate is a preferred dialkyl carbonate. The preferred
catalysts are tetra-alkyl esters of titanium, particularly,
tetrabutyl titanate. The disclosures of the aforedescribed patents
relating to the preparation of aliphatic polycarbonate diols are
hereby incorporated by reference.

.10 Polyether diols, e.g., palr(oxycthylénc)clycols.

poly(oxy-1,2~propylens)glycols, and poly(oxy~-l1,4-butylenelglyeol,
that may be used to prepave the aliphatic urethane component of the
-polyol(allyl carbonate) composition may also vary {n melecular
weight, Poly{oxyethylede)glycols may range in molecular weight f£rom

15 abhout 200-4000, more particulazly, 7350-3300, e.g., 1000~2800. Liquid
poly(oxyethylene)glycols Laving molecular weighta of below about 750,
as detarmined by hydroxyl end group analysis, are particularly
contsmplated. Poly(oxyethylene)glycols may be prepared by reaction
of ethylene oxide with water or ethylene glycol in the preasnce of a

20 catalytic amount of s Lewis acid at 50-70°C. or Lewis base at
120-2004C.

Poly(oxypropylene)glycols may be prepared ia a manner
similar to poly{oxyethylene)glycols. Molecular weights of Lthe
poly(oxypropylene) glyeols that may be uged to prepare the aliphatic

25 urethane of the polyol(allyl carbonate) composition may vary from
about 400 to about 4000, e.g., 400 to about 2000, or 400 to about
1200, as determined by hydroxyl end group anslysis. Liquid
poly{oxypropylene)glycols ars particularly contemplated.

In addition.'bloék and random hydroxyl terminatad copolymers

30 of ethylene oxide and propylene oxlde may be used. Further,
polyether diols prepared from l,2-hutylene oxide, i.e.,
poly(oxy~l,2-butylene)glycol, and tetrahydrofursan are slso
contcmplatod. |

Alksne diols eontemplated for use in preparing the aliphatic

35 urethane component of the polyol(allyl carbonate) composition are
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alkane diols containing from 2 to 6 carbon atoms, s.g., ethyleme
glycol, propylemne glycol, 1,4-butsne diol, 1,5-pentane diol and
1.6-he¥nnc diol, Praferubly, the slkane diols contain tcrqigal
hydrexy groups. _

5 - The aliphatic urethane used to prepare the polycl(allyl
carbonate) compositions of the pregeat invention may be prepared by
methods derived from those descyibed in the literature. For example,
the aliphatic diisocyanate, e.g., lsophorone diisocyanate, may be

" reacted with allyl aslcohol at from 30-6§0°C., e.g., 50-60°C., in the

10 pregence of e conventional orgeno tin catalyst, a.g., dibutyl tin
dilaurate, to form as a principal product the monoallyl alcohol
substituted aliphatic diisocyanate, Thereaftez, two moles of the
monoallyl alcohol substituted aliphatic dilsocyanate are reacted with
saturated aliphatic diocl, e.g., polyester dicl and/or alkane diol, at

15 about 60-70°C. in the presence of the organc tin catalyst to form the
allyl-terminated aliphatie urethane(s). As used herein, the phrasze
“containing tezminal allyl unsaturetion" with reapect to the
sliphatic urethane means that each terminal end of the urethane
contains a functional group containing allyl unsaturatiom,

20 Aliphatic urethanes contaiaing serylyl unsaturation in the
terminal group may be prepared in a manner snalogous to that
described for the allyl-terminated aliphatic urethane, e¢.g., by
substituting a material containing the gcrylyl functiomal group for
ellyl alcohol. Such a material may be 2-hydroxyethyl acrylate or

25 2—hydroxyethyl methacrylate. 3By teaeting the monoallyl alcohol
substituted aliphatic diisocyanate and the mono (2-hydroxyethyl
acrylate) subatituted dijsocyanate (in whatever molar ratic desired
for the end product mixture) with the saturated aliphatic dicl, e.g.,
polyester diol and/or alkane diol, producta containing hoth an

30 allyl-containing terminal group and an ¢crylyl;cantcinin3 termigal
group may be obtained.

The alipbatic urethanes deacr:bed herein may be prepared in
any suitable organic solvenc. In 8 praferred embodiment, the solveant
is the polycl(allyl carbonate), e.g.., diethylene glycol bin(lllyl

3% carbonate), with which the allyl-terminated aliphatic urethane is to
be copclymerized. |
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When uging tha polynl(ailyl carbonate) monomer as the
reaction medium, tha sliphatic urethanes may comprise from 10 to ?0
percent of the product removed from the reaction vessel. If the
aliphatic urethanes comprise an amount ;reater'than the 10 to 30
weight percent desired for the polymerissble compositions described
herein, the reaction product cen be diluted with addicional
polyol (.11yi carbonate) until the composition concéntration desired

- 48 obtained.

10

15

20

23

30

35

The mixture of aliphatic urethanes used to prepars the
polycl (allyl carbonate) coapohitiuns of the present imventicn may be
prepared simultaneously in one reaction vessel as & single reaction
product mixture, as described hereinbefore. Altermatively, each
aliphatic urethane used in the mixture may be prepared separaltely
snd then each bleanded (or diluted) with ths polyol(ellyl carbonate)
monomer in the required proportions to obtair the desired
composition. When prepared simultaneously, the mono-substituted
aliphatic diisocysnate(s) is prepared as hereinbefore described and
to this material is added (1) a blend of the aliphatic polyol(diol)
reactants, 1.e., the reactants forming the residue of the "A” moiety
in the expression III-1l, in the desired mole ratio proportions, e.g.,
the polyester diol snd alkane diol, or (2) the disgsimilar aliphatic
diols added sequentially. Preferably, the aliphatic diol that
represents the larger amount of the two diols is added first. Ffor
example, when the aliphatic polyols used are a bolyescer diol.,~§.g.,
poly(caprolactone) diol and an alkane disl, e.g., butans diol, and
the molar amount of the polyester diol is larger than the alkane
diol, e.g.s the mole ratio of the polyester éiol to the alkans diol
iz 911, the polyester diol is added f£irst to the mcao-luhatituted
aliphatic diicocyanats followed by the alkane diol.

Aliphatic urethanes containing terminal bisalliyl-,
monsallyl/moncaceylyl, and bisac:yiyl functional groups may be
further depicted by the following graphic formulae:

CHZ=CH-CHZ-O-C(0)—N!-R'"-NH-C(O)?
A v-1

CHy=CH-CH4-0~C(0)-NH-R " ' '-NH-C(0)0

] l'ii‘ilﬁiﬂ"liﬁin
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CHy=CH~CH,~0-0(0)-NH-2." N0
A T2

5 o
CE,=CH=0(0)=0=CHy~CHy=0~C(0)-NU-R" * ' -NE-C(0)0
10 CHy=CH~G(Q)-0-Cliy~Oly~0-C(0)-NH-R* ¢ B-0(000

A V-3

CH 4=CE~C(0)=0~CH;~CH~0-C (0)-NH=R " * *-NH~C(0)0
13 wvharein A is the residue of the eliphatic polyol, e.g., polyester
diol or alkane diol, and R''‘' {u the hydrocarbom portion of the
aliphatic diisocyanate. By selecting A end R''' from the examples
described hereinbefore, the aliphatic urethane can be veried to
20 provide different allyl/scrylyl-terminated sliphatic urethsnes. .
Polymerisation of the polyol(allyl carbonate) compositidn
may be acconpliihed by addiag to the composition an initiating amount
of materisl capabls of generating free zadicals, such as organic
pezoxy compounds. Methods for polymerizming polyol{(allyl carbonate)
25 compositions are well known to the skilled artisan and sny of those

woll known tiehniquss may be used to polymerize the sforedescribed

polyuerizable composition., Sultsble examples of organis peroxy

compounds include: peroxymonocarbonate esters, such as
tertiarybutylperoxy isopropyl carbonate; peroxydicarbonate esters,

30 such as di(2-ethylhexyl) peroxydicarbonats, d4i(secondary butyl)
peroxydicarbonate end diisopropyl peroxydicarbonats; diacylperoxides,
auch as 2,4~dichlorcbensoyl peroxide, isobutyryl peraxide, decanoyl
peroxide, lauroyl peroxide, propionyl peroxide, scetyl peroxide,
benzoyl peroxida, p-chlorobensoyl peroxide; peroxyesters such as

33 t-butylperoxy pivalate, t-butylperoxy octylate, and :
t-butylperoxyisobutyrate; methylethylketone peroxide,
acetyleyclohexane sulfonyl peroxide, and azobigsisobutyronitrile,
Preferred initiators are those that do not diszcolor the regulting

resin polymericate, such as diigopropyl psroxydicarbanate.
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The amount of initiator used to initiste and polywerize the
polyol(allyl carbonite) compasition may vary and will depend ¢n the
particular initiator used, the make-up of the compoaition, €8, the
amount of allyl and acrylylefunctional groups present, and the degree

5 of cure. OQualy that amount that is required to initiate and sustain
the polymerisation resction is requived, i.e., an initiating amount.
With respect to the preferred peroxy compound, diisopropyl
peroxydicarbonate, typically betwsen sbout 2.4 and about 3.5 parts of
that initiator per 100 parts of the polymerizable composition (phm)

10 may be used. More usually, between about 2.75 and about 3,23 pacts
of that initiator per 100 parts of polymerizable composition is used
to initiate the polymerisation. The amount of initistor and the
consequent cure cycle should be adequate ko produce a polymérizatq -
having a 15 second Barcol hardnese of at least 10, praferably, at

15 least 14, e.g.y 10 to 35. Typically, the cure cycle invelves heating
the polymerizable composition in the presence of the initiator from
room temperature or 45°C, to about 95-105°C, over a pexiod of sbout
17-21 hours. The surface of the cured matrix should not be so hard
that; in one embodiment, imbibition of photochromic subatances into

20 the matrix by immersion or thermal transfer is ichiblted or prevented
if thet method of incorporating the photochromic subgtance is used.
In one embodiment, the polymerizate is slightly undercured to enhance
permeation of the photochromic substance.

Various additives may be incorporated with the polymerizable

25 polyol(aliyl carbonate) composition. Such additives may include
light stabilizers, heat stabilisers and ultraviolet light sbacrbers.
In addition, it is contemplated that a form of phétoohromic subgtance
resistant to the effects of the peroxy-type initiator may alsc be

_ added to the polymsrigable tilin'uompolition. Buch photochromic

30 substances include photochromic pigmente and photochromic compounde
encepsulated in metal oxides, the latter of which is such as
described in U.5. Patent 4,166,043 and 4,367,170.

In addition it is contemplated that from about 0.1 to about
0.3, e.g.» 0.1 to 0.4, weight percent, based on the weighi of the

35 copolymerizable mixturse, of a dialkyl pyrocarbonate may be added to

\
This Sheet Has

i Wi




Bev 1%, 499%  LuSLPM LADAS PARRY NS {0, 03
. 1993 LRy LA%Ab PARRY X ¥ No. 0838 P 24

- 18 -
the polyneri#uble composition. Such dialkyl pyrocarbonates may de
represented by the graphic formula, R"-O-C(O)-O-CCO)-O-R", vherein R"
is selected fvom the group consisting of Cy~Cy, alkyl and 06-010
cycloalkyl., Preferably, R" is a lowsr alkyl, e.g.,. cl-ca alkyl, such
al'tthyl; Diethylpyrocarbonats is economically preferzed . The use
of dislkyl pyrocarbonates to inhibit yellowing of castings of
polyol(allyl carbonate) compositions is described in copending U.S,

patent spplication Serial No. 07/347,539, filed May 4, 1989, the
description of which dialkyl pyrocarbonates is hereby incorporated

10 herein mtotc by referencs.

13

The synthetic organic polymerizate ohtained by )
polymeiisaticn of the polyol(allyl carbonate) composition will
prefersbly be transparent or optically cleer so that it may be usged
for opeical lenses, such as plano and ophthalmic lenses, windows,
automotive transpareacicu, a.g., vindshields, T-zoofas, sidelights snd

- backlighta, and for aircraft trungpnruncion. ste. The polymerizate
" also should be transparent to that portiom of the electromagnetic
" spectrum which activates photochromic substance(s) thst may be

30

incorporated in the mstrix, i.e., that wavelength of ultraviolet (UV)

light that produces the colored or open form of & photochromic
substance and thet portion of the visible apectrum that includes the

‘sbsorption meximum wavelsngth of the photochromic gubstance in its UV

sctivated form, i.e., the open form.

Bince the polymerizable polycl(allyl carbonate) composition
comprises from sbout 70 to 90 weight percent polyol(sllyl carbonate)
the physical properties of the cured (polymerized) material of the
preeint.inwention are similar to those obtained for homopolymers of
the polyol(allyl carbonate) monomer, e.g., diethylene glycol
bis{allyl catbonate). For optical applications, such properties
include relatively low yellowness.'law hage, adequate impact strength
and hardnesgs, suitable sbrasion resistance for poiymerizatds of
polynl(ullyl-cz:bonaee), dyesbility and organic solvent resistance.

‘Such physical properties are described in "The Handbook of Plastic

38

Optics', sacond ¢dition, U.S. Precision lens, Inc., Cincimnati, Obio,
1983, which is incorporated herein by referencs.

M ’
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Photochromic articles described hecrein may be obtained by
incorporating in or applying to the aforedescribed synthetic organic
s0lid polymerizate (hoat matarial) at least one organic photoehromic
compound or compositions containing at least one organic photochromic

5 compound (hersinafter collsctively referred to ss "photochromic
subatance(s)"). Incorporation or applicacion of & photochromic
substance to the host material may be mccomplished by verious methods
described in the art. Such methods include dissolving or dispersing
ths photochromic substance within the plsstic host, ¢.g., imbibition

10 of the photochzomic subgtence into the plastic hoat Dy immersion in a
hot solution of the substence or by thermal transfer; providing the
photachromic substance ad @ separate laysr between adjacent layers of
the host material, e.g., as part of a polymer film; and applying tha
photochromic substance as part of & coating placed on the surface of

15 the host. The term "imbibition" or “imbibe" is intended to mean and
include permeation nf the photochrosmic substance alone into the
subsutface of the synthetic plastic hoat material, colvent sssisted
transfer absérption of the phoco'ehronic substance into the
polymerizate, vapor phass transfer and other such transfer

20 mechanisms. The thermal transfer of photochromic substances into a

~ trensparent plastic host material is known to the skilled artisan end
is described in the litersture. See for example, U.S. Patents
4,286,957 and 4,880,667, snd copending U.S, patent application Serial

'No. 07/490,029, filed March 7, 1990, whick are incorporated herein in
25 toto by referenmce. _

The amount of photochromie subatance(s) incorporated imto
the gynthetic plastic host may vary and will depend on the method of
Incorporation. Typically, a sufficient amount, i.e., & “photochromic
amount®, of the photochromic substance(s) is used so that the

30 'ru'ul'tins article is photochromic, i.e., produces a photochromic
effect, 'By “photochromic” or "photochromic effect” is mesnt that
vhen the photochromic-containing article is exﬁoned to ultraviclet
light, the article visibly changes color {or becomes colored) and
then returns to its original color or colorless state when the

35 ultraviolet light is removed. The photochromic effect may be readily

B S
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observed by exposing such a photochrowic substance-containing
article to a source of natural ultraviolet light, guch as the sun, or
to ao artifieial ultraviclet light source, such as a SPQctggzine
Super® Lamp, Model M ENF-28 (365 nanometers). Cemerally, the amount
of photochromic substance(s) incorporated into the article may vary
£rom about 0.0l to about 10-or 20 weight percent. More typically,
the amount of photochromic gsubstance(s) incorporated into the article
may range from about 0.01 to aﬁout 2 weight percent, e.g., from about
0.05 to about 1 weight percent.

Photochromic subatances that may be used to prepare the
photochromic article of the pregent invention may be any sultable
organic photochromic substance that provides a visual photochromic
response whean incorporated into the host material described herein;
that ave dispersible, e.§., soluble, within the host material, snd
that are chemically compatible with resin. FPhotochromic substances
that may be used are varied, Particularly contemplated classes of
photochromic compounds that may be used includes cpiro(iudolino)—type
compounds, such ae apiro(indolino)pyridobenznxazinet, _
spiro(indolino Jnaphthoxesines, spiro(benzindoline)pyridobengoxasines,
spiro(benzindolino)naphthoxesines, spiro(benzindolinc)naphthopyrana,
spiro(indolino)bensopyrans, apiro(indolino)naphthopyrans,
spiro(indolino)quinopyrans, spi:u(indolinn)bun:o*alinol. chromenes,
i.e,, bensopyrans and 2E aend 3¥ naphthopyreans, metal dithizonate
compoundg, fulgides or fulgimides and -pi:o(di)hydroindoiizine-.

The particular photochromic substance(s) selected for use
will depend on its compatibility with the resin, lncluding its
solubility therein, and the particular chéng. in color desired for
the photochromic article. It is also contamplated that mixtures of
two or more photochrowic substances may be used.

' . Photochromic compounds that may be utilized to prepare
photochromic articles of the present invention are for the most part
deacribed in the open litecature snd are the gubject of various
patent publications. For 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)pyride
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benzoxazines are described in U.§. Patent 4,637,698. _
SPiro(benaindolino)pyridobenlaxcainei andllpiro(bansindolino)-
naphthoxazines are described in U.S. Patent 4,931,218.
Spiro(benszindolino)=naphthopyrang are described in Japancséaiatent

b pﬁblication 62/195383 and are represented by graphic formula VI

10

15

() g

Ry, R (2%,

20 wherein az R3 R* and 15 are alkyl :roupl having l=4 carbons,

25

30

‘halogen-substituted alkyl groups baving 1 or 2 carbons, alkoxy groupa
having l=4 carboms, halogen groups, or nitro group, 1 and n are
integers of 0-2, m and t are integers of 0-4, and wherein Rz. 83, R4
aad R may be identical or different; Rl'réprelentl an unsubatituted
or subatituted alkyl group having 1-20 carbons, ungubstituted or
substituted cycloalkyl group have 3-10 carbons, an unsubstituted or

substituted aralkyl group having 7-20 carbons, or an unsubstituted or

‘substituted aryl group having 6-14 carbons.

Spiro(indolino)benscxazines are described in U. 8. Patent
4,816,584, Spiro(indolino)benzopyrans, spiro{indolino)-

‘naphthopyrana and spiro(indolino)quinopyrans are deacribed, for

~ example, ian U.8. Patent 4,0880,667. Spiropyraus are also described in

the text, Technigues of Chamimtry, Volume III Photochromism, Chapter
3, Glenn H. Brown,Editor, John Wiley end Sons, Inc. New York 1971.
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Photdchromic organc-metal dithizonates, i.e., (arylaso)-
thioformic arylhydrazidates, e.g.; mexcury dithisonates, 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.5, Patent 4,220,708, 3-pyreyl fulgides and
fulgimides are degscribed in U.8. Patent 4,737,449. Spiro(di)bydro-
{indolizines are described, for example, in U.8. Patent 4,931,220 at
column 20, line 5 through column 21, iine 38. Certain chromenes,
{.e., benzopyrana and naphthopyrans, are described in U.S. Patents
3,567,605, 4,826,977 and 4,980,089 and iu copending U.8. patent
applications Sexigl Nos. 07/490,031 filed Mazch 7, 1990, 07/537,432
filed September 23, 1990 and 07/524,816 £iled December 3, 1950.

Those portions of the aforementioned identified patent
publications end applications that describe the various photochromic
compounds ganerically end specifically ace hereby incorporated in
toto by reference. In particular, colum 8, line 52, through column
22, line 40 of U.3. Patent 4,931,220 which describes specific

- spiro(indolino)-type photochromic compounds and other photochromic

20

25

30

compounds and the digclosure zslatiug thereto is incorporated herein
in toso by reference.

The present invention is more pa:ticullrly degscribed in the
following examples, which are intended as illustrative only, since

‘numerous modifications and variations therein will be apparent to

those skilled in the art.

EXSMRLE 1

Diethylene glycol bis(allyl cerbonate) (1349.5 g, 4.5 mole),
isophorone diisocysnste (1111.5 g, 5 moles), and dibutyl tin
dilaurate (0.5 g) were charged to a 5 liter, jacketed, 4-necked flask
equipped with mechenical stirrer, addition funnel, thermometer,
nitrogen purge and water/ethyleme glycol temperatuze bath. The
contents of the reaction flask were heated to 50°C. with rapid
agitation and a moderate nitrogen purge for 43 minutes. The nitrogen

- purge was reduced and a mixture of allyl alcohol (274.6 g, 4.7 moles)

35

and 2-hydroxyﬁthyl methacrylate (34.4 g, 0.3 mole) was added to the
reaction flaek over a period of two hours. An.exetberm to 56°C. was
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observed. The resction mixture was allowed to cool overnight.
Thezeafter, the reaction mixture was hested to 37°C. for one hour.
Subsaqnautly; about 1145 grams of & mixture of 80 mole percent
poly(caprolactone) dicl (about 330 molecular weight) and 20 mole
percent l,i4-butane diol was charged to the resction flask over 3
hours at a temparature of 60-61°C. The resction was continued for an
edditional 45 minutes and then the reaction mixture allowed to cool
overnight. In the morning, the temperature of the flaak was
increased to 60°C. and the product drained from the reaction flask.
The product was & 65 weight percent solution of aliphatic urethanes
derived from polycaprolactone diol and butane diol in diethylano
glycol bis(allyl carbonate).

'The reaction product was a very light etraw color. The
aliphatic urethano'poition of the product was calculated to comprise
about 71.6 mole percent cof bis(allyl-terminated) urgethane baged on
the poly(caprolactone) disl, about 8.4 mole percent of
monoallyl-tsrminated, monomethacrylyl-terminated urethene based on
the poly(caprolactone) dicl, about 17.9 mole percent of
bia(allyl-terminated) urethane based on 1,4-butane diol, and about
2.1 male parcent of moncallyl-terminated, monomethacryl-terminated
urethane based on l,4~butans diol. Dilution of the product with
dlethylene glycol dis(allyl carbonate) to an aliphatic urethane

 concentzation of 16.64 weight percent gave & clear product having a

23

3

35

very slight yellow tinge, a Brookfield vigcosity of 57.4 centipolses
at 25°C., and a Yellowness Index (through 5 centimeters) of 2.76, as
measured by & Hunterlsb Tristimulus Colorimeter, Model D25A-9.
EXAMPLE 2

Following the procedure and using the equipment of E:nmﬁle 1
diethylene glycol bis{ellyl carbonate) (1224.8 g, 4.5 mole),
isophorone diigocyanate (1111.5 g, 5 moles), butylated hydroxy
toluene (0.73 g), and dibutyl tin dilaurate (0.8 g) wera mdded to the
reaction £lask and heated to 30°C. with rapid agitation. A mixture
of allyl alcohol (159.8 g 2.7 mclon) and Z-hydroxyethyl acrylate

(261.2 g, 2.2 mole) was then charged to the flask over & period of 2
hours., An exothqrm to SG'C. wac observed. Thereafter, the reaction
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mixture was heated to 60°C. for one hour, and poly(caprolactone)
diol (1325 g) (ubout 530 molecular weight) was added to the reaction
flask over 5 hours ~ with an exotherm to 62°C. being observed. The
resultant reaction mixture was maintained at 60°C. for one hour and
then at 70°C. for &4 hours. The product vas drained from the reasction
£lask. The product was a 70 percent solution of :liphatic urethanes
in diethylene glycol bis(ally! carbonate).

The reaction product was a light straw color. (Yellownesa
Index (through 3 cm) of 8.74. The aliphatic ursthene portion of the
product was calculated to comprise about 30.3 mole percent of
bia(allyl-tcrmingtgd) urethane based on the poly(caprolactone) diol,
sbout 20.2 mole percent of the bisg(acrylyl-terminated) urethsne based
on the poly{caprolactons) diol, and about 49.5 mole percent of the
moncallyl-terminated, monoscrylyleterminated urethane based oo the
poly(caprolactone) diol, Dilutdom of product with diethylene glycol
biz(allyl carbonate) to an aliphatic urethane concentration of 19.0
welght percent gave 2 product having a Brookfield viscosity at 25°C.

- of 64,4 centipoises and a Yellowness Index (through 5 cm) of 2,33,
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EZAMRLE 3

Following the procedure described in Example 1, & 65 weight
percent solution of aliphatic urvethane derived from
poly(caprolactone) disl (about 530 molscular weight) and 1,4-butane
diol in diethylene glysol bis(allyl carbonats) was prepared in a
3-liter resctor equipped like the 5-liter reactor of Example 1. The
ingredients used were diethylene glycol bis(allyl carbenats) (539.8
g« 1.9 mole), isophorone diilocyangte (444.6 g. 2 mole), dibutyl tin
dilaurate (0.2 g ), allyl alcohol (104.6 g, 1.8 mole), 2-hydroxyethyl
methacrylate (26.2 g, 0.2 wole), and & mixture of 80 mwole percent
poly(caprolactone) dinl and 20 mole percent 1,4-butane diol (442 g).
The mixture of allyl alcohol and 2~hydroxyethyl methacrylate was

added over 75 minutes to the reactor containing the diethyleme glycol

bis(allyl carbonate), the diisocyanate and catalyst at 45°C. An

exotherm to 56°C. was observed. The reaction mixtutre was then heated

at 61°C, for 45 minutes and the poly{caprolactone) diol/butane diol
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mixture added over 3 hours and 45 minutes with en exothexm to 63°C,
observed. The reaction was continued for 1 hour at 60°C. and then at
70°C. for 2 hours. The product was then drained from the reactor.

The product was gstrav colored. When diluted with further
diethylene glycol bis(allyl carbonate) to a 16.6 weight percent
aliphatic urethane concentzation, the diluted product had a
Brookfield viscosity at 25°C. of 77.5 centipoises and a Yellowneas
Index (through 5 cm) of 5.93. The aliphatic urethane portion of the
product was calculated to comprise sbout 69.6 mole percent biz(allyl-
terminated)-, 16.3 mole percent monosllyl/monometbacrylyle
terminated-, and 1.0 mole parcant bia(methacrylyl-terminsted)-
urethanes based on the poly(caprolactone) diol, and about 10.5 mole
percent bin(allyl-t.rminated)-, 2.3 mole percent monoallyl/mono~-
acrylyl-terminated-, and 0.l mole percent bis(msthacrylyl-
terminated)~urethanes based on 1,4~butane diol.

EXAMPLE &

In the manner described in Example 2, a 70 weight percent
solution of aliphatic urethace derived from poly{caprolactone) diol
(ebout 530 molecular weight) in diethylene glycol bis(allyl
carbonate) was prepazed in a 3-liter reactor equipped like the
S-liter reactor of Example L. The insredients used were diethylene
glycol bis(aliyl carbonate) (468.3 g, 1.65 mole), isophozone
diisocyanate (444,66 g, 2.0 mole), dibutyl tin dilaurate (0.2 g), &
mixture of sllyl alcohol (109.8 g, 1,89 mole) and 2-hydroxyethyl
methacrylate (13.8 5, 0.1l mole), and poly(caprolactome) diol (530 g,
1.0 mole). The mixture of allyl alcohol and 2-hydroxyethyl
methacrylate was added over 2 hours to the rasactor containing the
diethylene glycol bis(allyl carbonate). the diisocyanate and catalyst
at 45°0, An exotherm to 52°C. wes observed. The reaction mixture
was then heated at 60°C. for 20 minutes and the poly{caprolactone)
diol added to the reactor over 4-1/2 hours. No exotherm was

" obgerved. The resction was continued for 1 hour at 60°C. and for 2

35

hours at 70°C, The product was drained from the reactor.
The preduct was light straw colored and had & Yellowness

\'S\.\\
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Index (through 5 cm) of 5.85. When diluted with further diethylene

glycol bia(allyl cazbenate) to & 18.1 weight pavcent aliphatic
urethane concentration, the diluted product had a Brodkfield

vigcosity at 25°C. of 89.5 centipoises and a Yellownese Index

{through 5 com) of 2,20, The aliphatic portion of the product was
calculated to comprise about 89.8 mole percent bis(allyl-
terminated)~, 10.0 mole percent menoallyl/monomethacrylyl-
terminated-, and 0.2 mole percent bis(methacrylyl-
terminated)-urethanes based on poly{caprolactone) diol.

EXAMPLE 3
‘To & 3-liter reactor equipped like the 5-liter reactor
described in Example 1 and contaiﬁin;-diethylcne glycol bis(allyl
carbonate) (498.5 g, 1.8 nolda), isophorone diisocyanate {4i44.5 g,
2.0 molas), 4-methoxy phenol (0.8 g) and dibutyl tin dilauvate

(0.2 g) at 50°C., was added over sbout 2 hours a mixture of allyl

alcohol (S8.1 g, 1.0 mole) and 2-hydroxyethyl methacrylate (131.0 g,
1.0 mole). An exctherm to 54°C. vas cbserved. Thereafter, the
reaction mixture was heated at 60°C. for about 45 minutas and the
poly(caprolactone) diol (527 g, 1.0 mole) (sbout 330 molecular
weight) added to the reactor over about 3 hours. No exotherm was
observed. The reaction mixture was cooled and allowed to sat
ovarnight. The reaction mixture was reheated toc 70°C. for 2 hours
and & drops of dibutyl tin dilaurate were added to aid the reactiom.
Heating vas continued for an additional 4 hours 13 minutes.  The
reaction product was then drained from the reactor, The product wag
8 70 weight percent solution of sliphatic urethane derived from the
poly(caﬁrolactone) diol in diethylene glycol bis(ellyl carbonate),
The reaction product was atraw colored and had a Yellowness
Index (through 5 cm) of 14,23. The aliphatic portion of the product
vas calculated to comprise about 25.0 mole percent
bis(allyl-terminated)-, 50.0 mole percent
monoallyl/monomethacrylyl-terminated-, and 25.0 mole percent
bi-(meEbacrylyl—te:minated)-ﬁrethanos based on the poly{caprolactone)

| .
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diol. When diluted with further diethylene glycol bis(allyl

carbonate) to a 19.3 weight percent aliphatic urethane concentration,

the diluted product had & Brookfield viscosity at 25°C. of B9.5
centipoises and a Yellowness Index (through 5 cm) of 4,58,

EXAMPIE 6 - _

A polyol(allyl carbonate) polymerizable composition
comprising sbout 99.7 weight percent of the diluted product of
Example 1 and about 0.3 weight percent diethyl pyrocarbonate vas
prepered by adding the pyrocarbonate to the diluted product. This
compogition waz initiated with 2.70 phm of diisopropyl
peroxydicarbonate and cast into 6§ x 6 X 0.2% inch (15 x I3 x 0.6 em)
sheets using 2 mold prepared from two flat glass plates separated by
a gasket. The polymerizable composition was cured anaervblcally by
heating the composition slowly from about 44°C. to 105'0.'over 17
hours. The curad sheet had a 15 second Barcol hardness of 13 (as
weasured at 23°C. with a Barcol Impressor Model GYZJ 934-1). The
casting had the following L*, a* and b* color values, as measured by
& Spectrogard® II Oolor Bysteu'Spectrophntonatnr. 7.1, 0.0 and 0.4
respectively. These values show that the casting was nearly
colorless. The percent light tranamission of the casting, (¥) was

~ 92.6 percent.

25

30

35

A polyol(allyl carbonate) polymerizable composition compriaing
about 83.0 weight percent ‘diethylene glycol bis (allyl eachonate),
14,5 wai.ht percent of bis(allyli-terminated) aliphatic ‘urethane
prepared from poly(caprolactona) diol having & molecular weight of
sbout 530 and isophorone diizocyanate, 2.2 weight percent of |
bis(allyl-terminated) aliphatic urethane prepered from 1,4-butane
diol and isophorone diisocyanate, and 0.30 ﬁeight percent'diebhyl
pyrocarbonate was prepared. This monomer compositicn was initiated
with 2.70 phm of diisopropyl peroxydicarbonate (IPP),'and the

composition of Example 6, which was alsc {nitisted with 2.70 phm IPP, .

were each used to produce five 2-base 1l millimeter edge thick
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gemi-finished lens blanks in s water bath. The lenses were cured by
heating the molds slowly from about 44°C. to 95°C. over 17 hours.

The molds were then allowed to cool to 80°C. in the bath beforve belng
removed., The lens blanks were then demolded at 40-50°C. Iwo of the
ienses cast using the monomer composition described in this Example 7
pre-released, i.e., the casting had released from the mold scmetime
during the curing cycle and prior to demolding. Pre-release results
in a permanent defect in the au:f&ct of the lens which cannot be
repaired. Such pre-released lenses must be discarded. In contrast,
none of the lenses prepared using the moncmer composition of Example
6 pre-released. Twe lenses from each monomer composition were
imbibed with a photochromic dye and all showed good photochromic
activity under ultraviolet light.

_ Exapple 8

A polymerizable monomer composition comprising the diluted
product of Example 2 and 0.3 weight percent diethyl pyrocarboﬁate vas
prepared. This composition was initiated with 2,60 phm of
diigopropyl peroxydicarbonate and used to prepare ten 2-base 1l
millimeter edge thick aemi-finished lens blanks by the casting
procedure described in Example 7. None of the lens blanke prepazed
from this monomer composition pre-releaged.

Example 9

The monomer composition of Example 8 was initiated with 2.70
phm diisopropyl peroxydicarbonate end cast into 6 x 6 x 0.25 inch (15
X 15 x 0.6 cm) sheets in accordance with the procedure described in
Example 6. The cast sheet had a 15 second Barcol Hardness of 12.
The L*, a* and b* color values for the casting wers $7.1, 0.1 gnd
0.5 respectively. The percent trsnsmissicn (Y) was 92.6 perceant.
The foregoing color values show that the casting was nearly colorless.

A polyol(aliyl carboﬁatQ) conpositicon waa prepared from a
mixture of 20 weight percent of Uvithang’ 893 urethans diacrylate,

(WA
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79.9 weight percanf diethylene glycol bis(allyl carbonate) and 0.1
This composition was

waight percent of diethyl pyrocarbonate.
initiated with 2.25 phm IPP and cast intc 2-bsse 1l millimeter edge
thick semi-finished lens blanks using the same cure eycla‘:;

5 described in Example 7. Threa of these lenses and three lenses from
Example 8 were imbibed simultanscualy with en identical photochromic
dye material uaing a thermsl transfer method.
measured for photochromic response at 72°F, (22°C.) and 95°F.

(35°C.), which data is tabulated in Table I.

Lens # Net Abs.l
Example Leng &t 346 nm
10«1 2,00
10 - 2 2,00
10 « 3 2.06
8 -1 1.%9
3 - 2 2.01 .
10 -1
10 - 2
10 - 3
8 -1
- 8-2
g -3
L+ Net sbaorbance

2+ The change in Optical Density [Log CIOOYK'Trlnsqittahce)]-

The lenses were

Jé

TABLE I |
72°F, (22°C.)
Aop?:
Q.5 min 2-miz 10 min
0.066 0.172 0.303
0.068 0.177 0.318
0.068 0.178 0.318
0.088 0.229 0.38%
0.083 0.218 - 0.369
0.088 0.225 0.381
_95°F, (35°q.)

0.058 0.095 0.115
0.057 0.095 0.111
0.058 0.098 0.119
0.073 0.115 0.133
0,070 0.115 0.131
0.071 0.118 0.133 -

{.e., the change equal to the activated (or partially
activated) 0D of the lene minus the OD of the unactivated
lens, Activated OD is measured after illumination with a

200 watt Xenon ultraviolet light for 0.5, 2 and 10 minutes.
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The data of Table I show that all 6 lenaes contained about
the same amount of photochromic dye material - the Net Absorbance at
346 ngnometers being about the same, i.e¢., about 2.00. (Net
absorbance being the differsnce between the ultraviolet light
absorbance at 346 nu of the photochromic-containing lens minus the
ultraviolet light abgorbance at 346 nm of the original cast lens.)

_ The data of Table I show also that the leuses of Extample 8,
$.e., lenses prepared from polyol(allyl carbonate) compositions of
the present i{nvention have an improved photochromic redponse over the
lenses of Example 10 - as illustrated by the higher AOD valyes - at
each temperature and for each degree of activetiom.

Although the present invnﬁtion has besen deacribed with
reference to the specific details of particular embodiments thereof,
it ig not intended that guch detsils be regarded ag limitatiods upon
the scope of the invention except ingofar as to and to the extent

‘that they are included in the accompanying claima,
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What 1s claimed is;
1. A polymerisable organic compositicn ccnpriling [}

copolymerizable blend of:

{a) polyoifallyl carbonate), and

(b) Erom about 10 to about 70 weight percent of a
mixture of sliphatic urethases, the terminal portions of which
contain a functional group selected from the group conaisting of
allyl and acrylyl groups, laid mixture of aliphatic urethanes bsin;
representable by at least two of the expressions,

(1) D-B-A-3-D,
(2) D-B-A-B-D' ‘aud
(3) D'-B-A-3-D'

vherein D represents tho'terminnl portion containing the allyl group,
D' represente the terminal portion containing the acrylyl group, B
zcyraseuts an sliphatic bis carbamic molety zep:!icntlblc by the
formula, -0C(0)-NH{B)NK-C(0)~0-, wherein E is the aliphatic residue
of an aliphatic diisocyanate, and A in each aliphatic uretbane
present iz the mixture o!uiliphatic urethanes represents the residue
of & saturated aliphatic diol selected from the group ¢onsisting of
0g-Og slkane diols, diethylene glycol, polyester diol, polyether diol
or-polycarbanats diol, the mole ratio of said allyl groups to acrylyl
groups in the aliphatic urethanes present in the mixture being from
about 15:1 to about l:il. '

2. The polymerizable composition of claim 1 wherzein the
polyol(allyl carbonate) is diethylene glycol bis(allyl carbonate) and
the mixture of aliphatic urethanea is present in amounts of from
about L0 to about 30 weight percent.

3. The polymerizable composition of claim ! wherein A is
the residue of a saturated polyester diol, having s molecular weight
of from about 400 to about 1000, or Cz-Cq alkane diol,

4, The polymerisablé composition of claim 3 wherein the
polyester diol is poly(caprolactone) diol.

;\—\
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5. The polymerizable composition of claim 3 wherein the
clkane diol) is l,4-butane diol.

6. The polymarizable composition of claim 1 wherein the
aliphatic diisocyanate ia isophozone diisocysnate.

S 7. The polymerisable composition of claim 2 wherein A is
the residus of a saturated polyester diol having a molecular weight
of Erom about 400 to about 1000, or a C,~C¢ alkane diol.

8, The polymerizsble compodition of claim 7 wherein the
polyestar. diol is poly(caprolactone) diol, the slkane diol is

10 1,4=butane diol, and the aliphatic diisccyanate is iaophorone’
‘diisocyanate.

’ 9. The polymerizable composition of claim 8 wherein D is
the allyl group and D’ ie the acrylyl group,
cxzac(:.)-c(o)-o-cnz-cuz s vherein I ia hyd:ogen or methyl.

15 10. The polymerizable ccmpcnition of claim 1 wherein D is
the allyl group and D' is the acrylyl group, :
cnzuc(L)-c(o)-o-cnz—cnz s wherein L is hydrogen or methyl,

11, The polymerizable composition of claim 3 wherein D {is
the allyl group, D' is the acrylyl group, cnz-c(L)-c(O)-o~czz-cnz-

20 wherein L is hydrogen or methyl, the polyester diol is

~ poly(caprolactone) diol and the alkane diol is 1,4-butane diol.

12. The polymeriszable composition of claim 2 wherein the
mixtyre of aliphatic urethanes comprises s mixture of urethanes
:eptelentab}e by the expressions, ' '

25
(1) D-B-A'-B-D,
(2) D-B-A"-B-D,
(3) D'-B~A'~B-D, and
(4) D'-B-A"-B<D

30

wherein A' is a polyester diol and A" is & Cy-Cq alkane diol.

13, The polymericable compcsition of claim 12 wherein the
polyester diol is ﬁoly(éaprolactone) diol having a molecular weight
of from about 400 to about 1000, and the slkane diol is 1,4-butsne

35 diol. :
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14. The polymerizsble composition of claim 13 whersin D s
the allyl group and D' ig the acrylyl group,

CHyw0{L)~C(0)~0~CHy~Clg=, wherein L iz hydrogen or methyl.

15. The polymerizable somposition of claim 14 wherein the
aliphatic diisocyanate is isophorone diisocyanate. .

16. The polymerizable composition of claim 2 wherein the L. -t

mixture of aliphatic urethanes comprises a mixture of urethanes
representable by the expressioms, '

(1) D-B-A'-B-D,
{2) D-B-A'-B-D‘', and
(3) D'-B-A'-BD'

whezein A' is & polyester diol.

. 17, The polymerizable composition of claim 16 whn:cin the
polyester diol is poly(csprolactone) diol having a molecular vcight
of from about 400 to about 1000,

18. 'The polymerizable compogition of claim 17 wherein D is
the allyl group and D' is the acrylyl stoﬁp.
CHy=C(L)~-C(0)-0~CHy~CHy~, wherein L is hydrogen or methyl.

19, The polymerizable composition of claim 18 wherein the
aliphatic diiscoyanate is isophorone diisocysnats.

20, Ths polymezrizable composition of claim 2 wherein the

'composition contains from about 0.1 to about 0.5 weight percent,

based on the weight of the copolymerisable blend, of dialkyl
pyrocarbonate representable by the formula, R"-0-C(0)-0-C(0)-0-R",
wherein R" is selected from the group consisting of 01-312 alkyl and
Cg~Cyp cycloalkyl.

21. The polymerizable composition of claim 20 wherein the
dialkyl pyrocarbonate is diethyl pyrocarbonate.

22. The polymerizeble cdmposition of claim 12 wherein the
composition contains from about 0.1 to about 0.5 weight percemnt,

- based on the weight of the copolymerizable blend, of dialkyl

- 35

. pyrocarbonate representable by the formula, R"=0=C{0)=0«C(0)}=0=R",
wherein R" is selected from the group congisting of C;-Cy, alkyl and
Cs~C1o cycloalkyl.
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23, The polymeriszable composition of claim 22 wherein the
dislkyl pyrocaxbonate is diethyl pyrocarbonste. . -

24. The polymerisable composition of claim 1§ whervein the
composition containe from about 0.1 to about 0.5 weight percent,

5 based on the weight of the copolymerisable blend, of dialkyl _
pyrocarbonate representable by the formula, R"-0-C{0)~0-0(0)-0~R",
wherein R" is selected from the group consisting of Gy~0;yy alkyl and
Cg=Oyo eyeloalkyl.

25, The polymerizable composition of claim 24 vhezein the

. 10 dialkyl pyrocarbonate is diethyl pyrocarbonata,

26. A solid orgsnic resin prepared by polymerizing the
compogition of claim 2.

27. The solid organic reain of claim 26 which containa a
photochromic amount of an organic photochromic subafance selected

15 from the group consisting of spiro(indolino)naphthoxszines,
spiro(indolino)pyridobensoxasines, spiro(indolins)bensoxasines,
"sgira(indolinc)bensopyrans, spirc(indolino)uaphthopyrans, chromenes,
spiro(bensindolino)pyridobenzoxazines, lpi:o(bensipdolino)-
naphthoxazines, spiro(bensindoline)naphthopyrans, metal dithisonates,

20 fulgides, fulgimides, spiro(di)hydroindolisines, end mixtures of such
photochromic substances. _

28. The solid organic resin of claim 27, wherein the
photochromic substance is selected from the group consisting of
spizo(indolino)naphthoxazines, spiro(indelino)pyridcbenzoxasines,

25 spiro(indoling)bensoxasines, chromenes and mixtures of such
photochromic substances.

29. A solid organic resin prepared by polymerising the
composition of claim 12, -

30, A eolid arganlc ragin preparcd by polyme:ia:ng the

30 composition of claim.l16,
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