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FF@hYWEFﬂsZABuE::@)&GANHC’REél‘ SONPOSL T G P—ARTFEESES PREPARED THEREFROM
DESCRLPTI ON OF THE | NVEN{F ON BEPLACED SH'f’ﬁ' presént Jynpention relates to
pol yrieri zabl e synthetic -@ml;((rﬁ:hbyl pegedbonat®EEONRRSti ons and articles
prepared therefrom partijeflcidimygs)ar t:ipagegs. ”f’iamll"?@e%rgan c phot och pgng(c
material (s) appl i ed to or|phEeeReisnt:gdgdder. elowagkbre-parti cul arI{/ “’%B
present invention relates OA&?rE&a' np@gédirrer luzaatzleé 'poi yol (al |yl nat e)

conpositions 10 that contB -Jwei ght peV% &ﬁ-g@fq,aq»
m xture of aliphatic uretH groups of

contain allyl and/or acr pOIMMERIZAALEIORGANIC, RESIN Gwrmmws\rom c articles
prepared from pol ynerizates Eﬁn fq ?ﬁﬂendl on the anount
and relative quantities of t acryry F #@Oﬁm unctional 15 groups in
the aliphatic urethane conponents in the polynerlzable ‘pol yol (al 'yl
carbonate) conpositions, the ,;_‘M;_, atat otruki iwmefrogUCh conpositions may
varyfrom eing relﬁ'lvel br| a pot life
conpar abl e to initi

—

%d’ra "éﬂ%""@l M"-'b,’ig(an?l‘Zi@EP{ﬁ)ﬁm@ﬁf Articles

prepared f ropnlyul:hld:mtrmsbdmm)s cemppeCinsasddy actiicded @sepeed thareivom,
general l'y prfarrtﬂvﬁ§§fy E?f@ﬁh%@%é’ oi'gan!.c photochromic material(s) applled g
to or incorporated therein., More particularly, the present invention
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§ quantities of the acxylyl~ end 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 photoehtém:l.c' response compared to
photochromic articles prepared from a homopolymer of diethylene glycol
25 bis{allyl earbonata). -
Photochromism iz a phenomenon :.nvo].ving 8 ehm;e in color of
a photochromic substance (or an article containing such a substance)
when it is exposed to light rad!.ahion involving ultraviolet rays, such
- &8 ultreviolet radiation contained in sunlight or in the light of a
30 wercury lamp, aad a reversion to the 6:131::&1 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, particularljr plastic materials for optical a.pplicati&na.
35 have been the subject of considerable attention. In particular,
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Phot ochr oni ¢ artlcles pr pared from such conpositiohs are characterized by
an i nproved photochrom c response conpared to photochromc articles
prepared from a honopol ymer of diethylene glycol 25 bis(allyl carbonate).
Phot ochromi smis a phenonenon involving a change in color of a photochromc
substance (or an article containing sueh2a-substance) when it is exposed to
| ight radiation involving ultraviolet rays, such as ultraviolet radiation
contained in sunlight or in the light of a 30 nercury |lanp, -and a reversion
to the ori giphkakochepmic aphtkairie plasitie lopses bayr bae Aavessigated bacamsen | s

di sconti nuegy ﬁ\ﬂweﬁh‘t Sdvahtdle they o£ae!, ayisa ofsQr gRakd | chlda | rudridevelar k or
renDV|ng t he sour: uItraV|oIet radla%gﬂ I% recept gy@ ?* phot ochrom ¢
pl astic nat APh9ch: %F?WP&?W o8 faF e o84SR 4B, Fazs, A 2i#8P8xati ons,
35 have beerair et jfctbterhst dasauber ob lthe Jictentliadwafety features | thas - 2-
5 guch tranaparencies offer.
When incorporated within the matrix of e aynthetic 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

10 through the trsnaparency. It is desirable that the equilibzrium
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. )

15 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

20 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
aignificant and, &z & consequence, the photochromic substance does not

25 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.

30 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

35 bin(allyl_carbanite). This improved equilibrium response is suggeuted
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phot aghroni ¢ ophthaln1c,p{ast|c I énses have been i estlgav@dlﬂécaﬁse of
the wei ght advantage theyjoffer, vis a vis, glass1 nses. Moreover,
phot ochrom ¢ transparenC|es for vehicles, such as cars and ai rpl anes, have
been of interest because of the potentlal safety features that 5 such
transparencies offer. When incorporated within the matrix of a synthetic
organi c transparency (or applied to a subgtrate of  such matrix), a
phot ochrom ¢ substance changes col or when exposed to ultraviolet |ight.
This change in color reduces the amobunt of light transmtted 10 through the

transparency toltie bbadtvablenlit cetipeattien ofifivbm BFurk-i8¥pdnte 183 *®ehe
hot och |
phot ochrom c (%{;'ﬁ:zl ancggf%{g@t@bg?; %@%p&{ QB@W atssab )y ngii’ﬁhuﬂm&%r

t enper at ur es, erafures
t enper at ur es tos aphbens: HeRpepAturs| 2Aasy ngrovasbpeﬁ r’]SG'-) ﬁ%&- i %P??*t*aﬁ%“‘-m
It is reportqgsédlal \dﬂeﬁ\ ﬁp%&fmmmm fudeotionts resgnae alspleicrdhedni c
Fadiatton, i be aisauht o g Jegiaptat B AECRIBHA ooy L Piete 00
si mul t aneouslefficiends of mee-mhbmdemrim aoastigng éntnvémieawss (or
original col guay HR{yB1381 51" Eibhiratd) compositions.
' More particularly, the polyol(allyl carbonate} compositions

desczibed in U.8. Patent 4,994,208 comprise a mixture of a major

10 amount of a polyoi(allyl carbonats), e.g., disthylene glycol bis(allyl
cazbonate), and & minor smount 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

15 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.

20 !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 a similar long initiated pot
1ife.

25

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 =

30 free-radical initiator, usually s dialkyl peroxydicarbonate such as
' ditaopropyl 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
35 ptovi&es the manufacturer (caster) of lenses gufficient time to

i
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20sexposure to white Ilght..an(§7 or the action of heatsmi. ‘tWé*s0-call ed
bl eachi ng Teaction. The ratk of bl eachi ng due to heat}(thermal fade)

i ncreases with increasing tenperature. At relatively high anbient
tenperatures, e.g., 95[err]F. (35[err]C. ), the rate of thermal fade can ,
beconme significant and, as a consequence, the photochrom c substance does
not- 25 develop a sufficiently intense colo# -i.e., the | um nous

transm ssion of a transparency at such tenperatures is significantly |arger
than at | ower tenperatures, e.qg., 55-75[err]F. 813 24£err]C) St at ed
conversely, théessesi fAlter sed shazge bhreembismobercntl: lebtiatomh peonaeri®o | | ght er

?E hi gh anb![ egﬁoltdgﬁmsﬁg% ggg{ Zamggga .lggmg aedureNt tenperat u[ esI 30 _

is reported in n romc rlces

t ranspar gnci es, pr epapéﬁﬁ'?i?ﬂﬁ gbyeel; bﬁ‘ g *Vﬁe?&?gﬁ* S p%WSf% %fig?)%at e)
conposi tions ekhithBt Eakentni Whetdhbies hecoppeitdqes Icmdninr QSpdABMtdorrpar ed
to phot OChrOVE‘ @@%h& %ﬂfx@ﬂﬁi 1L£ gﬁtf’F@!ﬁ. fe.5 QR YVitel 2bdy!

car bonate), ene ¢ yco car bonate Thi s
i mpr oved eqw I #‘ﬁr‘i’-ﬂﬁ"ﬂeiﬁa&ﬂ%’e‘m!s B iR 5 hure st 25°C. This
"~ significently reduced pot life eompnred to diethylene glycol bis(allyl

carbonate) can regult in operating difficulties for the caster.
Moreovar, it has been found that cagtings prepared with the diethylene
10 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)
sompositions that contain minmor amounts of a mixture of certain
15 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
20 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 bis(acrylate-~terminated)sliphatic
urethanes. :
25 ' In accordance with the present i{nvention, thers ave provided
- gertain liquid polymerizable polyol(allyl carbonate) compositions
comprieing & blend of copulymcri:able monomeric materiale; namely, (1)
polyoi{allyl carbonate) monomer, ®.§., diethyiené glycol bisfallyl
carbonate), and (2) & mixture of (a) aliphatic urethane(s) having
30 allyl unsaturation in at least one of its terminal groups, and (b)

' aliphatic urethane(s) having acrylyl unsaturation in at least one of
‘its terminal groups. More perticularly, the polymerizable
polyol(allyl carbonate) monomer represents from about 70 to sbout 90
weight percent, preferably from asbout 75 to 85, particularly about BO

35 tc about 84 wedight perceat of the copolymerizshle compoaition. The
urethans content of ;he blend (and the resulting polymerizate) will

T
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-3- tovbe observable af f..erp &tat'ures of from Olerr] (- 18[ér~'r*}'C) 't 8
115[err]|f (46[err]C.), elg., from30[err]F. (-1[efrdC ) to 100[err]F
(38C.), particularly over the ambi ent t enperature range from about
S5[err]F. (13[err]C.) to about 95[err]F. (35[err]C ). Such inprovenent in
t he photochromic response is described 5 to be a result of an | mpr ovenent
in the coloring efficiency, i.e., the effgsciency of the so-called coloring
reaction, in polynerizates of such polyol (allyl carbonate) conpositions.
More particularly, the polyol(allyl carbonate) conpositions described in
U. S. Patent &;994126&Momsafaanpmmpdyuem@h)1®-edrmu1ht svdida '
potyol (al | y! ALEABEIE) eadtefige ol LLRNIRNG: O poil-ohgilelt GaRbRAE] Bk and
a mnor anouft 2t cerf hane contain ni ¢ unsaturation,
e.g., acryl yIinMﬂmthQ}r bl!ﬁayreﬁlﬂﬂit@“!‘ﬁ‘rﬁ’ﬁ%hee‘?md véoswm’mwul&esnall

amount of a GRRASMSEAE rsteiials hel Ui Chia OFtidige 82N OFG abdultCH. P80 bt 4.9
nmet hacryl atf %Q/ be added to the 15 conposition to enhance the hardness of

t he pol yner r'epar ed fromthe pol yol (allyl carbonate) conposition. The
initiated pot |ife Ofolpel(adlflaichstionstehoonameys dbapswy tisonsedidscthebed in

bt fo Patent 4 9PKkes0fibd o1 ¥ I Sdpbhicioh & £251RAIBodHERs SIS NI
' 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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HoweVer, some casters of polyol (allyl carbonate) cgzgositions desire
conpositions having an initiated pot |ife which permts two castings a day
instead of the one casting a day obtained w th diethylene glycol bis(allyl
carbonate) or conpositions of a simlar long initiated pot life. 25
'DETAI LED DESCRI PTI ON OF THE | NVENTI ON Pl-a$t+c optical, e.g., ophthalmc,
comercial lenses are prepared to a significant extent by polynerizing t he
pol yol (al Iyl carbonate) nonomer, diethylene glycol bisfallyl. ﬁarbﬂ

PEA%L e such

with a 30 frestycobiocarisphenolat Fhe aldabatip EPlé'P MY | D 21A98T AT
as diisopr Opylndpé‘&:&&l/ﬂ eREP2NES 20 ddi-bﬁ’« ALGmé 0| Clommorilyg that aliplhech:‘ a batch

o e o el 8 hnte ATSHICB Gl bl » T SRR Hsog f 1 om0

" on the order gityodyea)) Mkjmmssmompe:.r,] &hyleie ghyd , (propyleae glyeol,

manufact ureg &.—%‘ééﬁ:&."h}&@?%%:?HIJuhﬁ.%ﬂt glycdE, P diethyleme glyeol,
triethylene glycol, etc.

Specific examples of polyol(ellyl carbonate) monamexs include
ethylene glycol bis(2=chloroallyl carbonate), sthylene glycol
bis(allyl carbonate), diethylene glycol bis(Z-methallyl carbonate),

10 diethylens glycol bis(allyl carbonate), triethylene glycol biadallyl
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)},

15 pentamethylene glycol bia(allyl carbonate), and isopropylidene
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

20 the preaent 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),

25 are intended to mean and i{nclude the named monomer or prepolymers
thereof and suy related moriomet 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
30 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 functional groups. When prepared in a _
; concentrated form, the polyol(allyl caibcnate) composition may contain
! up to 70 weight percent, e.g. 10 to 70 veight percent, of the mixture
© 35 of aliphatic urethane(s). The mixture of aliphatic urethanes

This Sheet Has Been R m
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-4- dqga f| ter an&m rgg(the entire batch of jemjtiateld #oHondr b
ol ds before gel ling of e nononer occurs. Di ethyldhe gl ycol bis(allyl
carbonate) conpositions descrlbed in US. Patent 4,994,208, i.e.,
conpositions containing an aliphatic 5 polyesterurethane diacrylate, have a
pot life, i.e., the time frominitiation to gelling, on the order of 5
hours at 25[err]C. .This significantly redueed pot |ife conpared to
di et hyl ene gl ycol bis(allyl carbonate) can result in operating difficulties
for the caster. Mreover, it has been found that castings prepared with the

di et hyl ene 1Gogteppbatadi t.u(sam:yincémberﬂf&yr-ceﬁwéémtéﬁgwwws- pER Oft

4,994, 208 W&mbéweo&ﬂat Qeamiw,al)lew;ewuwlsm bf whdkh chagicoabdia for
articles, such,as Lens t hat ar |red t &ptl g#lgﬁzlear It "has

now been di sd89diagassy YI)pH‘Y‘WF‘f%ﬁ rﬁ’&ﬁa‘f that contain
m nor anount mofdéaldylkmohoscrydsl msttarttibﬁ, .pphmldinhaﬂihamsfmme t er mi nal

(or end) gr n 1Qr W thave an
it at ed-po o rnull Be SRRLA Cplop HavBi o 4815 Mgl LUIRE NG WAE un§T]
appr oachi ng aisber tgmm&rﬁ;‘ﬂw having an “'-'71?1 fanctional 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 about 20 veight perceat of a
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 une 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 :e:ylyl 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

Thi?ﬁ?iﬁtlfiiiﬁﬁinlll i
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25[ errC. ,» while providing nearly colorless cast argjcles, Such¥s IFenges.
Such conpositions do not pre-rel ease generally fromghe nolds 20 in which
they are cured - a problemthat has been observed with certain polyol (allyl
carbonate) conpositions containing only bis(allyl-term nated) aliphatic
uret hanes, i.e., such conpositions being substantially free of :

bi s(acryl ate-term nated)al i phatic urethangs. 25 I n accordance w th
the present invention, there are provided certain |iquid polynerizable

pol yol (al Il yl carbonate) conpositions conprising a blend of copol ynerizable

monomeri ¢ Mt gdghs p bints(dte ROIMARL] Fuhdiiosal ROPG CintIAOHPRIIA. J. .
di et hyl ene gl ycol bis(all ylr car bonat e) , angn(z% a g\wi%ure of éﬁg{ %L‘I phat I C
ur et hane('s) hinmatycasdony D rapzesents the tprminal Tynet nFGP gendaining o
groups, and (&grydyl RRedtueationt &k @ (Seprésentsgemaliphaticibiatcaripdniondistyt
ol yol a1yl Hstrpfiaindlas BORORS debptiby Aftlals dOfoBRlilE 6380 o\
percent, pr&fBriabthe foragodip grapdctexpsEssipns inay Hearepreapnisd 80eds byo about
84 wei ght per genkodhfuih NS08 QDU EIRAR8) -5 VIR L] EOM chPQ1dpiagGCcONt ent -
of the blend é;ﬂlgafﬁggnéfziurébkg&% gglégleiif%gié?c wilJocyanate.
Group A in the foregoing graphic expressiona reprssents the
residus of a saturated aliphatic polyel, s.g., dlol, such as & Cy-04
10 alkene 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=).
15 Preferably, A is the residue of & polyester diol, diathyleme glycel,
or 0p~Cgs e+g.s 03-Cy, alkane diol, e.g.s butane diol.
Since Group A may represent an aliphatic polyol selected from
the foregoing described groups, it iz evident from the aforedescribed
embodiments of MIXTURE A and MIXKTURE B that component A in the
20 expressiocns 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 represented by the :xpressia#-,

DeBed'=3-D 1114

D~B-A"~B-D I1I-5

D-B-A'~B-D' 111-6

30 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
35 selected from the group consisting of a Cy~Cg alkane diol, diethylens

e S
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-.5¢ var.gl *VQAB? h Er?eP armuLnt M] i phat i ¢ pol yur et hane( usedl.‘”' T'OJ"avcfi' alé

yel I'owi-ng of castings. as ‘airesult of a post-casting heat treatnent, it is
preferred that the uret hane content of the bl end of ‘copol yneri zabl e
nononeri c naterlals ‘be in the range of fromabout 3.9 to about 4.9 5
percent . PonoI(aIIyI carbonate) nononers that nmay be used in the

af oredescri bed pol yneri zabl e -conposi tion _age,allyl carbonates of |inear or
branched aliphatic or aromatic liquid polyols, e.g., aliphatic glycol

bi s(al |yl carbonate) conpounds, or al kylidene 10 bi sphenol bis(allyl

car bonat e) corgq_guﬂd,s; 198 EheiOBVIG & pobycatbodite cdivbest aspalyasterr éfodd

P otedur co.welT™ RHDRRVTASLE sthqaidlcR' “ua, daif URORHEHE o BRI SRR f ™Y
2,370,567 and &, mammum pél & &h-l-% abbﬂbo#atle) nmononers may be
represented by the 15ogfe2PRivoditintd/ste 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)
polytltorﬁtahhane. 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—dontaining terminal functional group and
an acrylyl-containing terminal functional group; or (2) =

%0 bisCallyl=terninated) polyestnrutqthanc. a bis(acrylyi=-tarminated)
polyesterurethane and & polyesterurethans having an lllyi-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 ig 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 copolyﬁefisnhla with the

35 polyol{allyl carbonate), e¢.g., diethylene glycol bie(allyl carbonate),
with which it is blended.
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Re-[- QC(@) O R m N | wherein R is the radicali deliyed.,
from an unsaturated al cohdl and is 20 commonly an al yl or substituted
allyl group, R is the radical derived fromthe ponoI and mis a whol e
nunber from 2-5, preferably 2. The allyl group may be substituted at the
2-position with a hal ogen, nost notably chlorine or bromne, or an alkyl
group containing from1l to 4 carbon atogsyg General ly the al kyl substituent
25 is a nmethyl or ethyl group. The allyl group may be represented by the
graphic formula: Herr]C=C(Rerr])-CHerr]- 1 30
wherein Rierr] is hym@geﬁmhal g6y Doin xhe] forefoitkcsxpresdibnd cgntaips Most

Frorr] Clor Gart edtirabll S of FRRERHBIL dhehuth iBufl a0 00
whi ch can be Cly=GA~CBpead Hblth oedginatase for yﬂnpﬂhatfteﬂ)nﬂ-b!hs’-@hﬂi M&r 5
hydroxy 35 grQiiiSaat¢Rtivgo!,Y whidiCodithtitd Pl BAaturBY g} ey coMhini - €. @
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.

s

o’

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
mixture), %4,4'-isopropylidene 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). :

S
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- p- glycgﬂgoﬁ blggﬁ%noFéﬁ%hémﬁrﬂbﬁatic pal yol may | i near?dktdr anchéd and

contains from2 to 10 carbon atons. Commonly, the aliphatic polyol is an

al kyl ene glycol having from2 to 4 carbons atonms or poly(Clerr]-Cerr])

al kyl ene glycol, e.g., ethylene glycol, propylene glycol, 5 trinethylene

gl ycol, tetranethyl ene glycol, or diethylene glycol, triethylene glycol,
etc. Specific exanples of polyol (allyl gqpbgnate) mononers include ethyl ene
gl ycol bis(2-chloroallyl carbonate), ethylene glycol bis(allyl carbonate),
di et hyl ene gl ycol bis(2-nethallyl carbonate), 10 diethyl ene gl ycol

bi s(al Iyl carbonat e),, ei&itbud SeSupthis®a bi 2hal dovbgaiag graphsy) . propyl ene
gl ycol bls(2-ethyla1?yl carbonate%, 1‘§-pp pane glol bi s ajé h%carbonate),
1, 3- but anedi CrPEAasLoNd FIPTRIPREH, 5B )‘,"!L,‘if-'bﬁ't"ane'éi ol ‘B'i‘%"(‘%-%rﬁ‘ al lyl

car bonat e) , cu'.mmylWn@lygn&uphi.sdfahlgdtumﬁotidquqictrﬂltm%hdyﬁine dad0lcol
bi s(2-ethyl al | car bag bi I bonat e
and( I sopr gpyl‘lugJén‘é B&s’%ﬁ%’ﬁ%riﬁsg%&mgﬁi%?’f%wcﬁkéf rf/fgne’yg?f??g :
bis(al |yl chratons: djethylenseshirasierrodiepior diols; Ppiyeezbonatadioléfdner. A
det ai Led -desqlhpigtep Q2b10! ¥Pidehb )y, R0 ROfjMaelc POLYOIES on which the

component A originates ia & liquld at room temperature and is a

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

10 the srt, ¢.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

15 and are fully described in the published lite;ature. Many are
commercially aveilable in various molecular weighta, Aliphstic
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

20 include: muccinic 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

25 groups, ®.g., straight chain glycols containing from 2 to 1§,
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,

30 triethylene glycol, tetrasthylene glyecol, {,3~-pzropane diol, 1,3-butane

. diol, 1,4-butane diol, 1,5~pentane diol, 2,2~dimethylpropane diol,
1,5-hexsne diol, 1,7-heptane dicl, 1,8-octane diol, 1,10-decans diol
~ and mixtures of such polyhydric alcohols. .
In preparing the polyester diol, the dicathokylic acid (or

35 anhydride thereof) is reacted with the polyhydric alcohol usually in

the pregsence of a small amount of esterification catalyst, quch ae a
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thafeﬁdf'ggausédy¥g forﬂwtﬁgapopyol(allyl car bonat e)_,conposi'ti%h of- 28 the
present invention i‘s found/in U S. Patent 4,637,698 g% colum 3, line 33
through colum 5, line 61. That disclosure is hereby incorporated by
reference and is sunmmari zed above. As used in the present description and |,
clainms, the termpolyol (allyl carbonate) nononer or |ike nanes, e.g.,
di et hyl ene gl ycol bis(allyl carbonate), 25 are intended to nean and include
t he named nononer or prepol yners t her eof ~ah Tany rel ated nononer or
ol i goner species contained therein. The polymerizabl e polyol (allyl

Lo about 30, _ebgent gt oskets MLRRELaR: 2 bt by of MU dha SREREDY ] OO
uret hane(s), theed wilii mety et depend op Sbpspalveniinrcipleswhes; yeishh deatred.
unsat uration i ged-agy ftammMdated /pbYFesdiEy Qe ABLULNEY BtiNEila0RY a8l GitREa othen
prepared in a concentrated fqr t be polyol (allyl carbqgnate) conposition
may contain upth a¥ep Pﬁf’%@%%ﬂpf“é‘. bi/“‘fg ﬁ#ﬁ) %P‘gﬂ?“ﬁércent, of the
m xture 35 ofy pidpohidératce oét twanixal) hydoryliigzoupss (icampieshafl ipolyssteimnes
inelode: poly(l,4-butylene ndlﬁato). poly(l,4-butylene succinate),
poly(l,4-butylene 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
10 diols contemplated for use may have a molecular weight average
molecular weight from about 400 to sbout 2000, e.y., from sbout 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.
13 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,
3,248,416, 3,186,961, 3,215,668, 3,754,457 and 4,160,853. B8uch
20 hydroxy-terminated polycarbonates may be prepared from (1) carben
- dipxide and 1,2~epoxides, (2) cyclic carbonates, 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
25 the presence of inert golvents mnd acid accoytorc,'e.g.. tertiary
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. -
30 In particular, U.5. Patent 4,160,853 describes the synthesis
" of aliphatic polycarbonate'dioli by the reaction of an aliphatic diol
and a dielkyl carbonate in the pruen.ce. of a titanium catalyst. The
reaction sequeace may be depicted by the £ollo&1ng equatious:

35 ' : 0 0

|
(n+1)HO-R,~0B+(n)R30-C-0Rg 3 HO[R,—0-C-0],R,~OH+Z0Ra0H, IV
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« 7- oontenpl ated herei r#-'s?\cfxa‘de ‘a’'mxture of alip i C uref‘halﬁ%*“s, 5ok of
whi ch contain (a) bis(alfyl) unsaturation, sone of ich may contain (b)
bi s(acrylyl) unsaturation, and sone of whi ch cont ai n (c)
monoal | yl -monoacrylyl unsaturation, i.e., an aliphatic urethane 5
contai ning one term nal group having an allyl functional group and the
ot her term nal group having an acrylyl. ggnetional group. It is particularly
contenpl ated herein that the polymnerizabl e polyol (allyl carbonate)
conposition of the present invention used to prepare castings contain from
about 16 t owndreWh ﬂ@ewhﬁlﬁe:pﬁdmemttooﬁsan&mmtu&mﬁcaiziopjﬂamimeur et hanes

sel eot ed 11 o 5 I 100 cohATOEF ehod s po Mook sy ArbdlopAe i ot Pene

havi ng al | yf” rou 3at | east
one al i phat e sulewasaatkylagtovg esmtedningshtar hicathen; htme @mfgﬁe@p and’

acrylyl unsgiiphgticoBidth iA@uéel,Ladediecodol,O0ma’?,6-hexane dlol.

M XTURE BS Diethylcarbonate is a preferred dialkyl carbonate. The preferred
catalysts are tetra-alkyl esters of titanium, particularly,
tetrsbutyl titanate. The digelosures of the aforedescribed patents
relating to the preparation of aliphatic polycarbonate diols are

. hereby incocporeted by reference.

10 Polyether diols, e.g., palr(oxycthylém)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, '_hloél: 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
contemplated. |

Alksne diols eontemplated for use in preparing the aliphatic

35 urethane component of the polyol(allyl carbonate) composition are '
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1. at6 1eaGst dor]I%Ma |pﬁ%1t1~% uret hane havi ng al |l yl aturat"l o‘rr in* bo’th end
gr oups, 2. at | east one’aliphatic urethane havi ng_gicryl yl unsaturation 25
in both end groups, and 3. at | east one aliphatic urethane having allyl
unsaturation in pne end group and acrylyl unsaturation in the other end
group. More particularly, the termnally-unsaturated aliphatic urethanes 30
conprising the mxture of aliphatic ureithanes in the pol yol (al Iyl
carbonat e) conposition nmay be represented by the expressions: D-B-A-B-D

[11-1 DDB-A-B-D I11-2 35

D-B-A-B-D alknne dioll containing from 21to- 6 carbeﬁatﬁaeream.&mpcment s the
t erm nal fun r o n| atu %; |: esents t he
t erm nal fun a| p% |h| g-b?ctr + #g]ahtslé% ?I on and represents

an aliphatic lbﬁ-gnmq)gm nﬁt@pyubly. the glkma diols contain tcm nal
hydroxy 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 alcohol at from 30-60°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 organo 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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t he foregoi ng graphic expréSsions may be represented jerein by the formula,
-OC(O-NH(EfNH-C(O) -O, wherein Eis the aliphatic (or cycloaliphatic)
residue of the aliphatic diisocyanate. G oup A in the foregoing graphic
expressions represents the residue of a saturated aliphatic polyol, e.g.,
diol, such as a (Jerr]-Cferr] 10 al kane diyjgl . diethyl ene glycol, a
pol yet her diol, a polycarbonate diol or a polyester diol, i.e., the residue
remai ning after renoval of the hydroxyl groups fromthe polyol, e.g., diol.
For exanple, when thestaal Wélng thabpdFRE(elilpl cafbinati Nawiaieegni nYe gr aphi c
expressions may be represented t f :
-CH err]-CH ef%]“-’%%'eﬁ?'raﬁ%-&tg? r']tl-XP ?'t(}?c "(()J e?r‘]ﬁe‘r"ﬂp}' 3".9 fgwbrl gfteor gl%l y, A
is the residupestent gblthesizeduch sepoved dixiey| theerepichtan vesgeld dfrtheferr],
e.g., err]- [ - . ma

o esont an_ Sipjasts MeESral Qupefcden skt rdbet thtn o N o

represent an atrc p electe e fore%0|n descri bed groups,

[£71's ovi dent veLEN prteent clasdeak Fonthe aiTRRTHEshle TAmboF el XTURE
B that conponegbeih, thd Reactdof pto@idi 685 be|dilited Wil dddirioda t he sane or

car bonat &) coRFLEANRbIR Sadenfisd sl Gie. Bpp LA oarab e BipekRn 0
may .. &8 obtained.
The mixture of aliphatic urethanes used to prepars the

10 polyol (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)

15 monomer in the required proportions to obtaiz the deaired
composition. When prepared simultaneously, the mono-substituted
aliphatic diisocysnate(s) is prepared as hereinbefore described and
to thia material is added (1) a blend of the aliphatic polyol{diol)
reactants, 1.e., the rsactants forming the residue of the "A” molety

20 in the expression III-l, in the desired mols 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 tvo diols is added first. for
example, when the aliphatic polyols used are a bolyescer diol.,~e.g.,

25 poly(caprolectone) diol and an alkane disl, e.g., butane 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 mono-substituted
aliphatic diisocyanate followed by the alkane diol. '

30 Aliphntic'urethanes containing terminal bisallyl-,
monsallyl/moncaceylyl, and bisacryiyl functional groups may be
further depicted by the following graphic formulae:

CH g=CR~CH,=0-C(0)~NE-R " ' '-NH-C(O)?

A V-1

CHy=CH-CH4-0~C(0)-NH-R " ' '-NH-C(0)0
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conprj se tio or nore mafyrials represented by exppegsion |1 LI wher & g
conmponent A in each material is different. Mre particularly, these 25
materials may be represented by the expressions, D-B-A -B-D
I11-4 DB-A"-B-D I11-5 DB-A -B-D - 11

D-B-A"-B-D 11-7 D-B-A-B-D [11-8 D -

-6 30
B-A"-B-D

I11-9 wherein A and A" are each the regsigdue of a saturated aliphatic

al kane

pol yol 35 selected fromthe group consisting of a Clerr]-Clerr]
di ol , diethyl ene -9- glycol, a polyether diol, a polycarbonate diol or
pol yester diol. In one particular enbodinment A is the residue of a

pol yester diol and A" is the residue of a (Jerr]-Clerr] al kane diol. O her

enbodi ments are al S0 coNCRy¥PH-«iged-AKe)-drk i' FHELCE ?

5 o A T2

CE,=CH=0(0)=0=CHy~CHy=0~C(0)-NU-R" * ' -NE-C(0)0

10 cnzacu-c(o)-o-cxz-cuz-o-c(o)-un-n'"-nx-c<o)?
' A V-3

|
CH 4=CH~0(0 )=0~CH~CHz-0-C(0)-NH-R* * * -NE~C(0)0
1s - - -

wvherein 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) composition
may be ascomplished by adding 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 any of those
well known teciniques may be used to polymerize the aforedescribed

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 polymerizate, such as diigopropyl psroxydicarbonate.
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5 pol yol residues, e.g., A '’ or A"", may be used iw conbinatb.oliimith those
her ei nbef ore descrl bed. I\/breover the aliphatic dii docyanate from which
conmponent B in the foregoing expressi ons is derived also may be the same or
different for the aliphatic urethanes used in, the m xture. For exanple,
there may be conponents B', B", etc. that may 10 be used in conbi nation
w th conponents A", A", etc. and/or D angg @ in various conbinations and
pernmutations. In particularly preferred enbodi nents, the m xture of
al i phatic urethanes includes either (1) a bis(allyl-term nated) '
pol yest erur et hane, Zhizmpunt pf -indtintontusey ter dnitinte god ippdpmerisentie s

Cerr]-Cer rhﬁkte{ﬁ ?I&k—mﬁg@?' B Fﬁ[newqu R 18 apbdd/ lon CHaL @i Ning -

term nal funCtrona contai’ning termnal functional
group, and aﬂ’é#?‘ﬂﬁﬁt W‘é"@c‘h&m'd@ﬁ %‘G“N’ 'é?"(:f%?ﬂ"fi'iﬂ“ér r9:8ar ¥2fe di ol
having an al khdun€ QT ail3ilngad eéfymmmﬁumhmmbugr premefty sad the degree
bi st al |y - CePtreRR eFaidh PO, SR PR = Sefeaf ol Sltstacong ampraip
pol yest er ur ethvaaelmaiutpm yesatdourist regudrethy Lrry satr dhitlatinn sapunitng
t er m nal funﬂghopﬂ egf %ptﬁ‘grmr?&f #MCW nair.gﬁggppgl functi onal
group Pr eferablg/di hb pgl y%stfr 19' (l): tw shout 2.4 and about 3.5 parts of
peroxydicarbonate, typically between sbou P
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 polymériute, -
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 niin composition. 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
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In the foregoing aliphatic urethane mxtures, the nglar ratio of allyl

groups to acrylyl groups nmay vary from about- 15:1 to about 1:1. Usually
the smaller the ratio of allyl to acrylyl groups, the shorter the initi
pot life of the polyol (allyl carbonate) conposi tion containing the m xt
of aliphatic urethanes. Further, 30 in_ggch aliphatic urethane mxtures,
t he nmol ar ampunt . of pol yester diol to alkane diol used to prepare such
m xtures may vary from about 95:5 to about 70:30, e.g., about 80:20, which-
corresponds ¢he Mbﬂrﬁiﬁlieo&nﬁfoaﬂﬁo&. ttsuah Addlkyd. ﬂrzoéaﬂ:oni'm way<ber e of
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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

dc:eription of which dialkyl pyrocarbonates is hereby incorporated
10 herein mtotc by referencs.

The synthetic organic polymerizate ohtained by .
polyme:isaticn of the polyol(allyl carbonate) composition will
prefersbly be tvansparent or optically clear so that it may be used
for opeical lenses, such as plano and ophthalmic lenses, windows,

13 automotive transpareacicu, a.g., vindshields, T-zoofas, sidelights snd

- backlighta, and for aircraft trungpnruncion. ste. The polymerizate
also should be transpareant to that portion of the electromagnetic
* spectrum which activates photochromic substance(s) thst may be
incorporated in the mstrix, i.e., that wavelength of ultraviolet (UV)
20 1ight that produces the colored or open form of & photochromice
~ substance and that portion of the visible spectrum 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
25 comprises from sbout 70 to 90 weight percent polyol(allyl carbonate)
the'phyciéal properties of the cured (polymerized) material of the
preeint.inwention are gimilar to those obtained for homopolymers of
the polyol(allyl carbonate) monomer, e.g., diethylene glycol
bis{allyl catbonate). For optical applications, such properties
30 includa 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
Optics', sacond ¢dition, U.S. Precision lens, Inc., Cincimnati, Obio,

38 1983, which is incorporated herein by referencs.
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ternin&l group D, which Tyntains acrylyl unsaturatj«n, may contidin 8 22°
acrylyl or nethacrylyl unsaturation, i.e., CHerr]=CA)-C(O-, wherein L is
hydrogen or nmethyl. The termnal group D may al so be represented by the

expression CHerr]=C(L)-C(O-OM wherein Mis an al kyl ene group of from 2

to 6 carbon atons, such as ethylene, e.g., the group derived from

2- hydroxyet hyl acrylate or nethacrylate« 1¥he term"acrylyl", 10 when used

in the description and clainms in the generic sense, is intended to include

"met hacrylyl™, i.e., when "L" is hydrogen or nethyl. Diisocyanates that may

be used to prepare t RBotachpmc !:ﬂti#h'h rébﬁﬂobﬁ%ﬂ!‘ ety ‘?hebbdwélb(yal I yI
carbonate) CoQepdialing i/ 61:5¢ﬁ1h! ItgCeill RBGYRMEELPISR sfthbPE b

dii socyanat es and tetranet hyl ehe Xyl ene I socyanat e. or conven ce and

brevity, such‘?@&d}ﬁ'&ﬁﬁ?%'% I‘F“’!fe“!"eﬁ%ﬂ-’e&‘t’é’éblqnéc‘trﬂMWPh%“&N%at iC
di i socyanat eseompuGdd GRLci| admecnecmumt a8l lelist GRE o2 uﬁﬁ:omb@hﬂoiwyanat e

o) Pphati o Bl SREgH, Che %&n Hiar o BT, eoFasEt 3, ) "FRBREPLE Uret hane
conponent) combm:me(abﬁr-cehmworhm of agplbitation df iespimtaciztosigr oups.
Exanpl es of Siipbedtcd td 8@ D630 HaRurLaiChil Be nccomplished by various 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
photochromic substance ad a separate laysr between adjecent 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
subsurface of the synthetic plastic hoat material, solvent assisted
transfer sbsorption 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 _literatu:-e. See for example, U.S. Patents
_h,286,957 and 4,880,667, snd copending U.5, patent application Serisl
No. 07/490,029, £filed March 7, 1990, which 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 ra-'ul'ting article is photochromic, i.e., produces a photochromic
effect, By "photochromic” or "photochromic effect” i3 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
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1, 6- hgxamet hyl ene di.i so nate, I,2-tetranethyl encadii socyanlatig=and?® 23
1, 10- decan®et hyl ene diisgzganate 4 4' - met hyl enebi s(dycl ohexyl 25
i socyanate), 4,4'-nethylene-bis(3-nmethyl cycl ohexyl isocyanate),
hydr ogenat ed t ol uene diisocyanate (including hydrogenated products of: (a)
the 2,4-isomer, (b) the 2,6-isoner, (c) the 80/20-2,4/2,6-isoner mxture
and (d) the 65/35-2,4/2,6-isomer mxture)y 4,4' -isopropylidene
bi s(cycl ohexyl isocyanate), 30 1, 4-cycl ohexane diisocyanate,
4, 4" -di cycl ohexyl diisocyanate, 2,4'-dicyclohexyl diisocyanate, tetranethyl

xyl ene diiso@a@%&@b afiostdgS D@é@a namﬂiﬁbtés&&aheawm&:wlohexane
i soeyanai DLy h%l&%% dpfieas” sbeespERURR, Fhsbey gl o P BBcpnat o
(i sophorone €5 s macyma_t'ﬂ):rmmmnws sdesc, i bed, u:u_rr&meer_gliﬁoi n the
foregoing or gglie GhB! HaabPHOmRARAECRY' AankiérevhS! Udbnerhify, thY whbudi®™Va
S of photochromic substance(s) incorporated into the article way 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.

10 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

15 that are chemically compatible with resin. Fhotochromic aubstances
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)naphthoxesines, spiro(benzindoline)pyridobenzoxasines,

20 spiro(benzindolino)naphthoxaszines, spirc(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-.

25 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.

30 . 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,

35 3,578,602, 4,215,010 and 4,342,668, Spiro(indolino)pyride
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e‘r??'l H‘al gmdr%ké}iv gr&uﬁ‘rp‘%> ‘5AV - daturated aliphatig pol yol ¥ &¥. Wdid, such
as” @n al kane diol contafning from2 to 6, e.g., 2%0 4, carbon 5 atons,

di et hyl-ene glycol, polyether diols, polycarbonate diols and pol yester

diol s. Preferably, the aliphatic ponoI from which the conponent A
originates is a liquid at roomtenperature and is a polyester di ol or

al kane diol. Polyester diols my be prepgaLed by techni ques well-known in 10
the art, e.g., using saturated dicarboxylic acids or anhydrides thereof (or
conbi nati on of aci ds and anhydrides) and pol yhydric al cohols, or by ring
openi ng of mﬁmmnaes,deecmed dast/sanpaxapt 41,882,688, with a straight chain

o opar at | opPpEeRafiadE el by linen Wil REY MR WRxdboBaBiaBBttaIE | THONCE]
| i t er at ur e.napbthpxarines csnecdescalbed iw . ﬁatﬂﬂémhﬁvﬁlu% mol ecul ar wei ghts.

Aliphatic d Q?J('%Qﬁ/in'dﬁiﬁﬁ')déapsmip?ﬂxﬁ LPJ aﬁﬁ@m&d ria Jpai6arl pétent € those
cont ai ni ng f'rom about preferably f PE%:%bout to about 10,

carbon at drsblication $2/195383 9nd axsr repsasenied hyherap e ¥ i ncl ude:

succinic acid, glutaric acid, adipic acid, pinelic acid, suberic acid,
azel aic acid and sebaci c acid._Cbrresponding anhydri des

10

15

Ry, R (2%,

20 wherein az R3 R* and 15 are alkyl :roupl having l=4 carbons,
‘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
and RS may be identical or different; Rl represents an unsubatituted

25 or substituted alkyl group having 1-20 carbons, ungubstituted or
substituted cycloalkyl group have 3-10 carbons, an unsubstituted or
substituted aralkyl sroﬁp having 7-20 carbons, or an unsubstituted or
‘substituted aryl group having 6-14 carbons. o

Spiro(indolino)bensoxazines are described in U. 8. Patent

30 4,816,584, Spiro(indolino)benzopyrans, spiro{indolino)-

‘naphthopyrana and spiro(indolino)quinopyrans are deacribed, for
~ example, ia U.8, Patent 4,880,667. Spiropyrasus a:é alzo 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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canfdll Ho LB us‘iéﬁngypi’-&%ﬁ“I VARId Bi ¢ and azelaic acidg are Léé%l”g The &
pol yhydrirc al cohols used im the preparation of pol yeg#ter diols are
typically aliphatic al cohols containing at |east 2 hydroxy 25 groups, e.g.,
straight chain glycols containing from2 to 15, preferably from4 to 8,
carbon atons inclusive. Mre preferably, the allphatlc al cohol s .cont ain
only 2 hydroxy groups. The glycols contaij, hydroxyl- groups preferably in
the term nal positions. Exanples of such pol yhydric al cohols include
et hyl ene glycol, diethylene glycol, 30 triethylene glycol, tetraethylene

g!-ylcol,2 %g prOEane ﬂﬁﬂechﬁcmﬂfﬁﬁ?}nﬂtﬂ di!(ijhﬂ?m%ina di.plcmhg'iorvent ane
gl 22 bl eeats i dlactie, 1Bl ki GERATRRT O
I n preparing dehermuyﬁst £or dmpmnbsdumuw»ysmnm dF(;l]'ldCS andhydri de
L orm ) anpu fERel, 4 BT 3pRCHHRA ks 3-olday Savgldel il HYGaRIGRENCE Of
5 are de-cribed in U 5. Patent &, 220 708. 3-pyrryl 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., bensopyrans and naphthopyrans, are described in U.S. Patents
10 3,567,605, 4,826,977 snd 4,980,089 snd iu copending U.8. patent
¢ ' applications Serizl 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
15 compounds ganerically end specifically are hereby incorporated in
toto by reference. In particular, colum 8, line 52, through column
22, line 40 of U.5. Patent 4,931,220 which describea specific
- spiro(indolino)-type photochromic compounds and other photochromic
compounds and the digclosure zslatiug thereto is incorporated herein
20 i toto 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 {n the art. '
25
| EXAMPLE 1
Diethylene glyeol bis(allyl cazbonete) (1349.5 g, 4.9 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
30 equipped with mechanical stirrer, additicn 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-hydroxysthyl 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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convgntlo f ofgint ti MACASSE T The anount of agid and aFeoRdt uBedbwill
vary and depend on the pol yester nol ecul ar wei gh{?%esi red.. Hydr oxy
term nated pol yesters are obtained by utilizing an excess of the al cohol,
thereby to obtain Iinear chains containing a 5 preponderance of term nal
hydr 6xyl groups. Exanples of polyesters include: poly(1,4-butylene
adi pate), poly(1,4-butylene succinate),qpQly(l,4-butylene glutarate),
poly(1, 4-butyl ene pinelate), poly(1l,4-butylene suberate), poly(1, 4-butyl ene
azel ate), poly(1,4-butyl ene sebacate) and pol y(epsilon caprol actone).

Pol yest er 14bsdiedds CThat ﬁi!|w6:ed1imeum atloved\te coolotvazuight.wei ght aver age

mol ecul ar i ht fro about 400 to

1000, base ‘P‘F;'afb #2805t i)’&“ﬁg%ﬁl%“g& ttﬁe poI' {T%nkﬁlb?g?g/rc'ar bonat e
di ol s that Myamuhhadlbwtpitﬁ%smthef &l minture @fw(bﬂhév]@%'mwonent of the
pol yol (allyg LnS&;p?Qiﬁtt%cfQmos(hﬁdu‘insmﬁoﬂéut@/ﬁd’ﬂwmndal'@'iﬂﬂ@ mol ecul ar

wei ght's rangi

om abou bout o 330 nor e
parti cul aPI%F’F?‘Eﬁnliﬁ'(?“Fﬁ“‘lﬁgﬂ' "&% nF‘hé‘g" W‘gWPoasﬁ' ggoup
anal ysi s. Alouphaiti & mbymnboroatm-dlm.s Thee retdon vee uontﬂuﬁﬁ fot @nt Nos.

3,248, 414, Ghagdfnd s HaRia 408 chin Bl Sletssn BAPuR5u1IIndP Lo 012N
I " overnight. In the morning, the temperature of the flask was
increased to 60°C. and the product drained from the reaction flask.
10 The praoduct was 2 65 ﬁeighc percent solution of aliphatic urethanes
derived from polycaprolactone diol and butane diol in diethylano
glycol bis(allyl carbonate).
'The ruuction product was 8 very light strav color. The
aliphetic urethane portion of the product was calculated to comprise
15 about 71.6 mole percent of bis(allyl-terminated) urethane based 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
20 2.1 mole 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
 concentration of 16.64 weight percent gave & clear product having a
very slight yellow tinge, a Brookfield vigcosity of 57.4 centipolses
23 at 25°C., and a Yellowness Index (through 5 centimeters) of 2.76, as
measured by & Hunterlad Tristimulus Golorimeter, Model D25A-9.
EXAMPLE 2
Following the procedure and using the equipment of E:wnjale 1
30 diethylene glycol bis{allyl 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
35 (261.2 g, 2.2 mole) was then charged to the flask over & period of 2
hours., An exothqrm ko 36°C. w_ac obgerved. Thereafter, the reaction
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20+hydroxy-t er ni nat ed polysgrbonates ‘my be prepared-5r0n1(1) ¥adlbin » 27
di oxi de and 1, 2-epoxi des, (2) cyclic carbonates, suéhfas ethyl ene
carbonate, or (3) fromcyclic carbonates and 1, 2-epoxi des by net hods known
in the art. Polycarbonate diols may al'so be prepared by reacting aliphatic
diols with bischloroformates of aliphatic diols in 25 the presence of inert
solvents and acid acceptors, e.g., tertiarag amnes. In addition,
pol ycarbonate diols may be prepared from glycols, such as ethylene glycol,
propyl ene gl ycol and diethyl ene glycol, and dial kyl carbonates, such as
di et hyl car borﬂueumdadimtdwta & Do fat cnelbour , tandngely{ Saprblavtbnen

reacti on. I es s the
synt hesi s of éﬂ"ﬁ’[’)h(atus '2 F)%g"rtgjo&r?a e g“ﬁ' 5%')’?‘??1 ﬁ? %f?oi\:é (E)i? % aﬁf’tbhat ic
diol and a di #Rgk over oheuns rrwithectnesetdate tof 6210; iedng whsezved: yThe The

{2??} ion SeduqaeeLEY RAcHRR Aladed ek N thOlinQdi 960 R0 UEH 04k hiGr and
5 then at 70°C. for &4 hours. The product vas drajoed from the reaction
£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
10 product was calculsted 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
1S poly(caprolactone) diol., Dilutdom of product with diethylene glycol
bis(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 2.53.

20 - ESAMELE 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

23 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

30 poly(caprolactone) dial 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 diethylems glycol
bis(allyl carbonate), the diisocyanate and catalyst ct'kS'c. An
exotherm to 56°C. was observed. The reaction mixtutre was then heated

35 at 61°C, for 45 minutes and the poly{caprolactone) diol/butane dfol
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wherekn nis a number frem4 to 46, R2 is an aliphakic group?(I3heal. @8
cycloal i phatic) containing from4 to about 10 carbod atons, and R3 is a
| ower al kyl group containing 1 to 4 carbon atons. Preferred aliphatic diols
i nclude: 1, 4-butane diol, and 1, 6-hexane diol. 5 Diethylcarbonate is a
preferred dial kyl carbonate. The preferred catalysts are tetra-al kyl esters
of titanium particularly, tetrabutyl tdgsnrate. The disclosures of the
af oredescri bed patents relating to the preparation of aliphatic
pol ycarbonate diols are herebi i ncorporated by reference. 10
Pol yet her di Bixfure added oyps (ohourshgideo Al minyken with en exotherm to 63°C,

EOI y( 0>O<Iy£ 1, 2otueeied .;armieg 'L-ya:%ls.&_; ﬁﬂ%oﬂﬁiﬂﬂn@xmll%&yt%:c em:)t .gmlceh.ln( r.lbi'it | nmay
e used to preparg .t alip i ¢ _urethane congongn e polyol (ally

car bonat e) c?)%(ﬁsf i 23‘%&9- al*8% P\?&#‘Sftti Wﬁ'@%rﬁ#ﬂﬁ&ﬁ e I'_)ffc or.
Pol y( oxyet hyl ene) gl Jholprodent wangtramcoimredul henvdihited fwiam fiirtidout
200- 4000, ( I, CLAl - 2Oy 1. 1000- Laujd
pol y( oxyet ﬁg‘i%ﬁg%#bcél@%é&fggqﬁgﬁggaﬂf g?m‘."ggﬁ g%% %ggtf%\k/ggdg&ﬁt 750, as
determi ned b3t iphefiisxyretiner grermptoatdoysiths diloteaptdduat dmdya cont enpl at ed.
Pol y(oxyet hvae i CRlstofity, P 18'CPBE 7. BYcohCObll aBl o thitioREaa”! 0 Wi LN
water or e %mgﬂe(gﬂ,&fg% Slcrr}l) ofe 5?£3qse’Plfeeaﬂphgtic urethane portion of the

product was calculated to comprise sbout 69.6 mole percent biz(allyl-

10 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 bis(allyl-terminated)-, 2.3 mole percent momoallyl/mono-

acrylyl-terminated-, and 0.l mole percent bis(msthacrylyl-

13 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
20 (ebout 330 molecular weight) in disthylene glycol bis(allyl
carbonate) was prepared in a 3-liter reactor equipped like the
S-liter reactor of Example 1. The insrediénts used were diethyleme
glycol bis(aliyl carbonate) (468.3 g, 1.65 mole), isophozone
diisocyanate (444,66 g, 2.0 mole), dibutyl tin dilaurate (0.2 g), &
25 mixture of allyl alcobol (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
30 at 45°C. An exctherm to 52°0. vas 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
~ observed. The reaction was continued for 1 hour at 60°C. and for 2
hours at 70°C, The product was drained from the reactor.
35 The preduct was light straw colored and had a Yellowness

\'S\.\\
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20 gatal yti ¢ anmount of,_\ Lew § ac\ 4 at 50- 70[errl&k -or Lew sisbggge atp
120-200[ err] C. Pol y(oxypropyl ene)gl ycol s may be prfepared in a manner
simlar to poly(oxyethyl ene)glycols. Mlecular weights of the
pol y(oxypropyl ene) glycols that may be used to prepare the aliphatic 25
ur et hane of the polyol (allyl carbonate) conposition may vary from about 400
to about 4000, e.g., 400 to about 20Q0gg r 400 to about 1200, as detern1ned.

by hydroxyl end group anal ysis. Liquid poly(oxypropylene)glycols are
particularly contenplated. In addition, block and random hydroxyl
t er mi nat edmmo(mugh 3 0cm)f oﬁtshﬁenwwadmumdviphmytmieaﬁdbﬁlhﬁay be used. -

Cur et PG a9 o BRY b ATl VRO IR, oo oo

poly(oxy
Al kane di omtbamt coprenteatipns thealilutes mucnguum Bzbokfhetld c 35 uret hane

conponent pfgchifryP@t %18k AlokYdy, ST 15 4a GRETO Yol 1M Red¥ Tndex

5 (through 5 cm) 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.

10 '

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,

15 2.0 moles), 4-methoxy phenol (0.8 g) and dibutyl tin dileurate
(0.2 g) at 50°C., was added over sbout 2 hours & 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

20 poly(caprolactone) diol (527 g, 1.0 mole) (about 530 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 reacticn mixture was reheated to 70°C. for 2 hours
and & drops of dibutyl tin dilaurate were added to aid the reactiom.

25 Heating vas continued for an additional 4 hours 15 minutes. The
reaction product was then drained from the reactor, The product wasg
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

30 Index (through 5 cm) of 14.23. The aliphatic portion of the produet
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)

e
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Fep. Salgﬁane‘idli?)ﬂs dafitaif Mgt ffrom 2 to 6 carbor atons, ©: 8333 ethhyilene -
glycol " propyl ene gly"bl 1, 4-butane diol, 1,5-pehtane diol and 1, 6- hexane
di ol . Preferably, the al kane diols contain term.nal hydroxy groups. 5

The aliphatic urethane used to prepare the polyol (allyl

car bonat e)

conpositions of the’present invention nmay be prepared by nethods derived
fromthose described in the literaturgy EFor exanple, the aliphatic '

di i socyanate, e.g., isophorone diisocyanate, nay be reacted with allyl

al cohol at from30-60[err]C., e.g., 50-60[err]C., in the 10 presence of  a

convent i onghy Oreaapatmeaamhyﬂm& diethFlong glydolrbiki(hHiylate, to formas a

princi pal product_the npal | al coh st t ut | Lsocyanate.

Thereafter‘"‘f%t%l"@s‘g%? "K’b’hgﬁﬁ ?%EIS*BQ‘PF&" ‘ggﬂ%[ %Q%a ﬁtgh atic

di i socyanagne meude@ebm&tvudhashbuhﬂsw wiscgisyiat 83W. ofB8g.3 poI yest er

di ol and/ ocr @%3@? M'a Y@$ Jr?cﬂbi’t’xﬁexfs@fhm h 5Nedt)NEE W, 88£Ce of the organo
or

tin cataly m t he a

termnated aliphatic urethane(s) As used

herein, ¥he phrase "containing terminal allyl unsaturation" with respect to
t he aliphatic_urethane neans that gRAMPLEcg m nal end of the ur et hane

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 was

10 prepared 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 anaerubicully by
15 heating the composition slowly from sbout 44°C. to 105°C. 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
20 respectively. These values show that the casting was nearly
colorless. The percent light tranamission of the casting, (¥) was

~ 92.6 percent.

25 A polyol(ellyl carbonate) polymerizable composition compriaing
about 83.0 weight percent ‘diethylene glycol bis (allyl earbonate),
14.5 ﬁeilht percent of bis(allyli-terminated) aliphatic'urethang
prepared from poly(caprolactone) diol having & molecular weight of
sbout S30 and iscphorone diisccyanate, 2.2 weight percent of

30 bis(allyl-terminated) sliphatic urethane prepered from 1,4-butane
diol and isophorone diisocyanate, and 0.30 weight percent'diebhyl
pyrocarbonate was prepared. This monomer compositicn was initiated
with 2.70 phm of diisopropyl peroxydicarbonate (IPP), snd the
composition of Example 6, which was alsc {nitisted with 2.70 phm IPP, .

3% were esach used to produce five 2-base 1l millimeter edge thick

This Sheet Has Been Rerla
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. coﬂf%iqu'slgé”f uﬁ'c+*i‘%nal “d"’l“'(“.)uIJ R?C‘OHT‘ai ning allyl unseurati on."a'i'(gtsb
~ Aliphatic urethanes containing acrylyl unsaturati#n in the terminal group
may be prepared in a manner anal ogous to that described for the
aIIyL-terninated al i phatic urethane, e.g., by.substituting a materi al
containing the acrylyl functional group for allyl alcohol. Such a materi al
may be 2-hydroxyethyl acrylate or 25_%ﬂpydroxyethyl nmet hacryl ate. By
reacting the nonoallyl al cohol substitlted aliphatic diisocyanate and the
nono (2- hydroxyethyl acrylate) substituted diisocyanate (in whatever nolar

rati o desl jugd£10ksiorer GACL RAYUA aatelHARINTHS 1dhGes Vet Fuséd i phat i ¢

diol, e.g., polyester and/ or al kane di o], Qfducts ﬁqﬁtaining both an
30 al |yl - COAEIAENFIR) PpldsRaxlygframpetany 4 ac'r%/P5| o BYRE L hiRY %er mi nal gr oup
may be obtmienssids Weeatticnhgllioved tot dwalets B0SLs ibcthe bathi befony tednpr epar ed
I n any suitable organic s %v nt, _Ln p Rl ol vent is
the. pol yol BAPTS cOiobfus; BjeH vprs e o TiE Ty ?‘ﬁ?&‘ﬁ"é ki
car bonat &)iensis cashivefng the aichgrert compostition dascpihedi in thin Fumeles? 1o be
copol ynery#%@dreleased. i.e., the casting had released from the mold scmetime

during the curing cycle and p:ior_to demolding. Pre-release regults

in a permanent defect in the surface of the lens which cannot be

repaired. Such pre-released lenses must be discarded. In contrast,

10 none of the lenses prepared using the monower 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.

23

15 ' _ Example 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

20 millimeter edge thick semi-finished lens blanks by the cesting
procedure described in Example 7. None of the lens blanke prepazed
from this monomer composition pre-releaged.

Example 9

25 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

30 0.5 respectively. The percent transmissicn (Y) was 92.6 perceant.
The foregoing color values show that the casting was nearly colorless.

_ A polyol(aiiyl carbonate) composition waa prepared from a
35 mixture of 20 weight percent of Uvithang’ 893 urethans diacrylate,

(WA
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'tHe al i-phatic urethangs may conprisé from 10 to ¥0 percent of the product
renoved fromthe reaction vessel. |If the aliphatic urethanes conprise an
anount greater than the 10 to 30 5 weight percent desired for the

pol ymeri zabl e conpositions described herein, the reaction product can be
diluted with additional polyol(allyl_ q@rbonate) until the conposition
concentration desired is obtained. The mi xture of al i phatic urethanes used
to prepare the 10 polyol (allyl carbonate) conpositions of the present

i nventi on 790y vegghy pesdent ﬁiewlbaaqqyewumumm rcemhw) wadet as a single

reaction C ur, escrib rei te natively, each
al i phati cg'ﬁ'?&\léhé\ m'ﬁéeo(fe%&?‘ﬁg piff?&‘lfﬁ%mné ﬂ g “:’5 %“é 2atel y and t hen
each bl endeditiased Withita} nbmt IR aad poiydb(:alﬂ-?ut&l tniﬂuhi-'gfeﬂ_Edthorrer in
the requi R sORQIFLALIRI | K H13hKl LBEg1R84 eafle CACPQAYLid @8- VWen prepared

si mul t aneousl y, the pono-sybstitute
5 described in Example 7. Threas of these lenses and three lenses from
Example 8 were imbibed simultanscualy with en identical photochromic
dye material uaing a thermsl transfer method. The lenszes were
measured for photochromic response at 72°F, (22°C.) and 95°F.

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

10
TABLE I |
72°F, (22°C.)
Lens # Net Abs.l: Aop?:
Example Leng at 346 om Q.5 min 2.nmia 10 min
15 10 -1 2,00 0.066 0.172 0.303
10 - 2 2,00 0.068 0.177  0.318
10 ~ 3 2.06 0.068 0.178 0.318
8 -1 1.99 0.088 0.229 . 0.38&
20 8-2 2,01 0.083 0.218 - 0.369
8~3 2,02 0.088 0,225 0.381
. _95°F, (35°G.)
10 -1 a 0.058 0.095 0.115
25 10 -2 | 0.057 0.095 0.1l
10 - 3 0.058 0.098 0.119
8 -1 0.073 C0.15 0.133
8 -2 _ 0,070 0.11% 0.131
30 8-3 0.071 0.1158 0.133 -

1. Net sbaorbance _
2. The change in Optical Density [Log CIOOYK'Trlnsqittance)].
{.e., the change equal to the activated (or partially
activated) 0D of the lens minus the 0D of the unactivated
33 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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al d:phedt [ §9Adi |¢sﬁ)b9r‘anaﬂ.é1(ts)f‘1"§ pﬂr‘épar ed as herei nbetore desqcr‘igbed and to this
n&terlal is added (1) ‘@ blend of the aliphatic poFyol (diol) reactants,

i.e., the reactants formng the residue of the "A" noiety 20 in .the
expression Il1-1, in the desired nole ratio proportions, e.g., the .

pol yester diol and al kane diol, or (2) the dissimlar aliphatic diols added
sequentially. Preferably, the aliphatiggdiol that represents the |arger
anount of the-two diols is added first. For exanple, when the aliphatic ,
pol yol s used are a polyester diol., e.g., 25 poly(caprolactone) diol and an
al kane diol, e.g., butane diol, and the nDIar anmount of the pol yester diol

Is |arger than th &%ﬁlop 'Iﬁht 9 fhow &m |is&g ecgfuf.hlagd byester diol

to the al kane di ol ester rst o t he

nono- subst the tsame aammtoﬁovtuw%ey dre wplr%eu thy mmokmedm
Ali phatic P&@ilaaffesd Vedagiabbut ChiTisant, Qi s.a.l hwd»ut, zmmoadxdeﬂ/rmnoacryl yl

SPSpEI 520 WL B bR ot BCTASEPLGRE S g 1o, 1 O 10
V-1 absorbance at 346 nm of the photochromic—coata;ning leng 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
10 the presant 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,
15 it iz 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,

i i
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EG—I[err];GiG—T[érPr )\O) (i “NHC(OO 16 - Fo 0598 P 3¢

rerr]_:CI—l-CH[err]-OC(D) NH-R‘"-NH—C(O)O| 5 ¢
A V-2 | CHerr]=CHCO-OGCHerr]-CHerr]-OC(O-NHR"'"-NHC(OO
10 CHerr]=CH C(OQ-OCHerr]-CHerr]-OCO - NI—I—R'NI—I—%MIM"WMI'II”“,
V-3 | CHerr]=CHCO-0OCHerr]- CH[err] OC(O-NHR"'""-NH
A is the residue of the aliphatic pol yod =e.g., polyester di ol afkahe ¢ *
diol, and R'' is the hydrocarbon portion of the

What is claimed isg

1. A polymerisable organic compositicn comprising &
copolymerizable blend of: -
5 {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 aczylyl groups, uid mixture of aliphatic urethanes bsi.n;
10 representable by st least two of the expressions,

(1) D-B-A-B-D,
(2) D-B~A-B-D' and
_ (3) D'-B-A-B-D'
13 B
vherein D represents the terminal portion containing the allyl group,
D' represente the terminal portion containing the acrylyl group, 3
uﬁrumts an sliphatic bis carbamic molety npnhmtnbh by the
formula, -0C(0)-NH{B)NK-C(0)~0-, wherein E is the aliphatic residue
. 20 of an aliphatic diisocyanate, and A in. each aliphatic urethane
present iz the mixture of. 'aliphatic 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
25 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 glyeol bis(allyl carbonate) and
the mixture of aliphatic urethanea is present in amounts of from

30 about 10 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
35 polyester diol is poly(caprolactone) diol.

;\—\
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al ﬂffﬁatq 3% i $odf gﬂau;ﬁn"“B BNy ng A and R fromt h(—ii\loeq&ségﬁpl gs %

"déscri bed hereinbefore; the.aliphatic urethane cdn be varied to 20 provide-

different allyl/acrylyl-term nated aliphatic urethanes. amﬁ
t he pol yol (allyl carbonate) conposition may be acconpli sq 1"! glﬂgme
the conposition an ihitiating anount of material capable gener aml e
radi cal s, such as organi c peroxy corp@ands. Methods for pol ynerizing

pol yol (al I yl . carbonate) 25 conpositions are well known to the skilled
artisan and any of those well known techni ques may be used to polynerize

t he af oredescri bdd pothenpelymetizeble rpepssdtion. oSslaimBarhexeimpitbe of organic

per oxy CoppRiiadgidings ng_bﬁgﬁpﬁxgpnocar bonate esters, such as
tertiarybutyl peroxy |sop op car ponat e; i’.Eero di car Eonate esters 30 such

as di (2-et hyl hexyiy) peito EWBB%P@“P% garim § agrgin th
per oxydi caLiymaeie 4aDebcFantRPLP Axbpreoti Biismayhaitat e; di acyl peroxides, such .

"auroyl heroxi de.T-pr RpeORGTRERb dorenkiion o BEadeE2 YHERBEY, 10! oxi e,
p- chl or obethe apkiduar ok mdutqntm(yelyteltu' dich haeingSa mobdetulaporedght pi val at e,
tp e?gtx Iy{jgese%aq%het&o ' dbburd ¥804,PEF X< ¥} -QPaukhé o1 1Bt hy ! et hyl ket one
§. The polymerizsble composition of claim 7 'wherain the
" polyester. 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(L)-c(o)-o-cnz-cuz s vherein I ia hyurogen or methyl.

15 10. The polymerizable ccmpnnit:lon of claim 1 wherein D is
the allyl group and D' is the acrylyl group,
082-0(1.)—0(0)-0-0!2—0&2 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-cxz-cnz-

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

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

. 12. The polymerizable composition of claim 2 whersin 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"-BD
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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ac@?&ﬂ@ﬁ@ﬁ%he&&ﬁgﬁsulWﬁﬁ?lqﬁ%&éxrde and azobi obut yronfit 8%, Brdferred
intiatdrs are those that do not di scolor the ?gfultlng %es+ﬂ—pe¥yﬂ£++zf&£%—

such as diisopropyl peroxydicarbonate. 17 unt_of init

used to initiate and pol ynerize the pol yol (aI I yI car bonat l“ﬂﬂjﬂﬂ!lw Im m

vary and will depend on the particular initiator used, th

conposition, e.g., the amount of allyhgzand acrylyl- functlonal gr oups

present, and the degree 5 of cure. Only that amount that is required to

initiate and sustain the polynerization reaction is required, i.e., an

initiating armunﬂ.lo. Wrhé pedgmmdeatile cdmpopltdberafedlydar bk yhemipoRiid,

di i soprop a at Y ween about 2.4 and about 3.5
e REIDYHGURDI G she' QeepLVeliZh)

parts of art's“of " th polynerlzable conposi ti on

(phm 10 WHQ-G Mﬂmuuhqﬂyiﬂﬂeﬁmmm' methyland about 3.25 parts
of that initiat Oispe&h&%lmﬂsmf- mdpwmbaaéﬁ S1AATOWhéFelA the Used toO

initiat rlzatlon The initiator. and the
3 afl isocyanate is isop rqne dfilo L
16. The polymerizable composition of claim 2 wherein the L. -t

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

10 (1) D-B-A'-B-D,
{2) D-B-A'-B-D‘', and
(3) D'-B-A'-BeD’

whezein A' is & polyester diol.

13 . 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.

20 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. The polymerizable composition ¢of claim 2 wherein the
'composition contains from about 0.1 to about 0.5 weight percemt,

25 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

30 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
. pyrocarbonate representable by the formula, R"=0~C(0)=0-C(0)=0=R",
© 35 wherein R" is selected from the group congisting of C;-Cy, alkyl and
Cs~C1o cycloalkyl.
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conseguents cure cygle sgoafh %@Eadéquate to prod} a pol ynmdiii e&fe Baviing a

15 Second Barcol hardneds of at |east- 10/ prefera y, at 15_least 14 e g . .. ._.
10 to 35. Typically, the cure cycle involves heating the polynerizable

conposition in the presence of the initiator fromroom terrperjmulmuﬂlnuﬂlllmm
45[err]C. to about 95-105[err]C over a period of about 17-2

surface of the cured matrix should nof gge.so hard that, .in oné effb *

i mbi bition of photochrom ¢ substances into 20 the matri x by |nner5|on or

thermal transfer is inhibited or prevented if that nethod of incorporating
the photochrom c s283stTHC polymardtvable lcompupdtiviDotlicinid 22tvherginl Yneri zate is

slightly u F{%Sﬁﬁaggﬁ'%gpwgg ﬂ“{md%‘pﬂ[*ﬁ#'@? phot ochrom ¢ subst ance.

Vari ous ad I ncor por at'e yneri zabl e 25

pol yol (al | yI car bowat cThec pohywerisable conpaslbinw 9F wdaind§ wheseindshe i ght
stabl | zer xompsidtich eontalds trom Most 0L A \oOkIut! 8 BiresFRE Wakbdnt, | N addition,

LE L oy SR e el e T ML RIGhoSLp 6y SUbSieEg ol Stant Lo the
resin conpgyrédarbonafiecleppémintatieoly the (f camik, aR'6-@sC{0)e0+a{0)-@Al pchr omi c
P grent s ang. AQ! 06 i G AR’ ERe SRGRPIUALELL B B5LEY, AithT%8a the
C¢~C10 oycloalkyl.
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-cpi:o(indollno)ban:qxslinc:, chromeneas and mixtures of such
photochromic substances.

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

30, A solid organic resin preparcd by polyme:ia:ng the

30 composition of claim.l16,
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descrlbed in US Patent 4,166,043 and 4,367, 170 In addition it is
-confenplated that fromabout 0.1 to about 705, e.g., 0.4 to 0.4, weight
percent, based on the weight of the 35 copolynerlzable h1xture of a

di al kyl pyrocarbonate nmay be added to - 18 - the polynerizable
conposition. Such dial kyl pyrocarbonates may be represented by the graphic
formula, R'"-OC(O-0C(O-0OR', wherein R'_is selected fromthe group
consisting of CJerr]-Cferr] al kyl and C[er}] Cerr]. cycloalkyl. Preferably,
R' is a lower alkyl, e.g., Jerr]-Cerr] alkyl, such 5 as ethyl.

Di et hyl pyrocar bonate i s econom oP'd Sk qﬁ:CL guse of dial kyl
pyrocarbonates to inhibit yellowng o Tngs of pol yol (allyl carbonate)
conpositions is described in copending U S. patent applicati-on Serial No.

07/ 347,539, filed Nbﬂes%rﬂ;egﬁgrgim g§§:ﬁf 'cgﬁﬁéyltgéné’\’@'fcﬂd;“ ab&yd 30 to 90

pyrocarbonates i.s hereb cor 10 herein n toto by reference. The
synt heti c Orggﬂ’ﬁ B%’F‘ifﬁér? gtg ﬁrbonate s ©.8., diethylene glycol

5 bis(allyl carbonate), and from about 10 to* 70, e.g., 10 to 30, weight

percent of a mixture of aliphatic urethanes, the terminal portions of
which contain allyl or acrylyl functional groups. Polymerizable
compositions prepared from such compositions produce castings which
have low yellownesé (b*) values and which do not pre-release from the
10 molds in which they are formed. Polymerizates prepared from such
compositions may be used to prepare photochromic articles, e.g.,
lenses, by incorporating a photochroﬁic substance, e.g., by thermal

transfer, into the polymerizate.
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-pol'yneri zati on of the'pol yol (al l yl carbonate) cq 30
bg - trapsparent or optically clear so that it may %ﬁ?%ﬁ’%r |§,’i 85’%&3 """
| enses, such as plano and ophthal mic |enses, w n{d lainp6s) 5 f B 0 paged ...

‘transparencies, e.g., windshields, T-roofs, siddl CyPraviag®) ba%aadl hfospac d

fosg aircraft transparencies, etc. The polyneriga AéSWshoHF&dee to paged ...

transparent to that portion.of the el ectronmgnetjic spectrum which ac} {wglt es’
phot ochrom ¢ substance(s) that nay be incorporat eq)ATEtd)E RECEIPA, ... /60 e eess

t hat wavel ength of ultraviolet (UV) 20 |ight that—prodgoces—tThe col ored or
.open form of a phot ochr om ROIZMERIZARLE: ORGANICHRES O COMROSIBIONShe vi si bl e '
“spectrumthat includes the abs XpRPAR MR tRESRGR of the

phot ochromi ¢ substance in its W%&?&\}gtgeﬁorm \ilﬁ e., the open form Since
t he pol yneri zabl e pol yol (allyl carbonate) corrp03| tion 25 conprises from
about 70 to 90 wei ght percent: :‘10% :

propert ies of the cured (polyneriz i : t erl aI of . gr esent '[Cl%v%%nt lon are
simlar to Phose obt é‘l’tﬁear?‘l?PthU’rYGBB Prselatss Y"hé’°§)ﬂ'ef Febde FYothethtnat e)
nmononer, e.g. powoawmly&neaﬂio»ﬁeé) labﬁﬁdﬂilty&nscaﬁbmnel)es boépazpii €ielref rom,

ﬁgg: ng;gzzt ga#ﬁﬁgg?rqsr,?%}t%ézﬁﬁ Iv@rcfgl %c’i: ati;iec %ﬁétocm.(om:ﬁ): mxgelxjigwsef %PPLP VM
to or incorporated therein. More particularly, the present invention
relates to certain polymerizable polyol(allyl carbonate) compositions

10 that contain from about 10 to aﬁout 30 weight percent of .a mixture of
aliphatic urethanes, the terminal (or end) groups of which contain
allyl and/or acrylyl unsaturation, and to photoéhromic articles
prepared from polymeriiates of such compositions. Depending on the

*  amount and relative quantities of fhe acrylyl— and allyl-functional
15 groups in the aliphatic urethane components in the polymerizable
. polyol(allyl carbonate) compositions, the initiated pot life of such
' compositions may vary from being rélatively'brief, e.g.s 5 hours at
25°C., to a pot life comparable to initiated diethylene glycol
bis(allyl carbonate). Articles prepared from such compositions are
20 nearly coiorless and do not generally pre-release from the mold in
which they are cured, e.g., in a constant temperature water bath.
Photochromic articles prepared from such compositions are
characterized by an improved photochromic response compared to
photochromic articles prepared from a homopolymer of diethylene glycol
25 bis(allyl carbonaie)f
' Photochromism is a phenomenon involving a change in color of
a photochromic substance (or an article containing such a substance)
when it is exposed to light ra&iation involving ultraviolet rays, such
as ultraviolet radiation contained in sunlight or in the light of a
30 mercury lamp, and a reversion to the original color when the influence
of the ultraviolet rgdiation is discontinued, e.gf, by storing the
substance (or articleg in the dark or remgving the source of
ultraviolet radiation. In recent years, photochromic plastic
materials, particularly plasﬁic materials for optical applicatioms,
35 have been the subject of considerable attention. In particular,
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and har,dness, suitabl e abrasion resistance for polynerizates of

pol yol (al Iyl carbonate), dyeability and organic sol vent resistance. Such
phyS|caI properties are described in "The Handbook of Plastic Optics",
second edition, U.S. Precision Lens, Inc., Cncinnati, Chio, 35 1983, which
is;incorporated herei n by reference. -'19 - Photochromic articles
descri.bed herein may be obtained by incorperating in or applying to the

af oredescri bed synthetic organic solid polynerizate (host material) at

| east one organi c photochrom c conpound or conpositions containing at |east
one or gani ¢ phehotivheoniz Sphdmloialebticeileadaschacobrettinved tignbéd becaugeo

as "phot ochrom, g ?{éﬁcef#i&eéﬁv)m)ﬁag% %Q{wagf.‘ %&’Elsapﬂa'sﬁaiéng@s of M@reover,

phOt ochrom c su eria e acco 'l shed varil ous
_nethods descri FBetqchremic zsrenspsaerhcim’Fmg'elil#fépadé“ehs%lceﬁg‘%r %‘P&ﬁ%?%. ng

t he phot ochromhsvé%saaafcgnuﬁéatrbédaasalﬁstw poC&itial. dhfety NM¥albitdeORhdO Of

t he photochraom ¢ substance i %Pe pl astic host by I mrersion in a
5 such transparenc es offer.

When incorporated within the matrix of a synthetic organic
‘transparency (or applied to a substrate of such matrix), a
photochromic substance changes color when exposed to ultraviolet
light. This change in color reduces the amount of light transmitted

10 through the transparency. 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 on the ordér of 95°F. (35°C.), be

- gignificant. - |

15 It is reported that when a photochromic substance, e.g., a
-photochromic compound, converts to its colored form by absorption of
ultraviolet light radiation, i.e., the so-called coloring reaction, a
reverse reaction océurs simultaneously in which the colored form
reverts to fhe colorless (or original color) form as a result of

20 exposure to white light and/or the action of heat, i.e., the so-called
bleaching reaction. The rate of bleaching due to heat (thermal fade)
increases with increasing temperature. At relatively high ambient
temperatures, €.g., 95°F. (35°C.), the rate of thermal fade can become
significant and, as a consequence, the photochromic substance does not

25 develop a sufficiently intense color, i}e., the luminous transmission
of a transparency at such temperatures is significantly larger than at
lower temperatures, e.g., 55-~75°F. (13-24°C.). Stated conversely, the
activated color of the photochromic tramnsparency is lighter at high
ambient temperatures than at lower ambient temperatures.

30 It is reported in U.S. Patent 4,994,208 that photochromic
articles, e.g., transparencies, prepared from certain polymerizable
polyol(allyl carbonate) compositions ‘exhibit an improved photochromic
equilibrium response compared to.photochromic articles prepared from
homopolymers of a polyol(allyl carbonate), such as diethylene glycol

35 bis(allyl carbonate). This improved equilibrium response is suggested
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hot so] ution of the substance or by thermal transfer; providing the

phot ochromi ¢ substance as a separate |ayer between adjacent |ayers of the
~host material, e.g., as part of a polymer film and applying the

phot ochrom ¢ substance as part of a coating placed on the surface of 15:the
host. The term "inbibition" or "inbibe" is intended to nmean and include
permeation of the photochromnmi c substance alogne into the subsurface of the
synthetic plastic host material, solvent assisted transfer absorption of

t he photochrom c substance into the polynerizate, vapor phase transfer and
ot her such tr abgéfber oRéervabl aits tanperituries eordirom reEs f €+180€. ot DESTFQN C

‘substances intg, a.kansparent plasii¢ nhost material own t.he,skil |l ed
artisan and i S?‘&’Z’&pr beéﬁ'rﬁpﬁoﬁ‘e&ﬁ’egé 3? ér.tosggé figr (%i"é’kﬁgr ep,arb.?gﬂaﬁé{' ents
4,286, 957 and the@abbi@it, temperabmendange Erov gbanerds EBppl3cai) ¢n Senitads N,
07/490, 029, f'kr%:c'\."?f Clyyln ﬁ%@v tCi, b€ H&%Q&t&%?-s s S‘z{see'-@-s'c{leg%?iﬁéﬁt 0

by reference. anmount  of ot ochrom ¢ subst ance I'ncorporated 1 nto the
synthetic pl dste denhdstesvdy afapy impyovement ipdhe eploring géfinigney, i.e., the
incorporation. efifiRiemdy Bf theSeblidaliledtcoltPiny redctdon, dn’ phineeNidyEsCof
amount”, of the ANOLAGQI S WARLALSES (Rhpbsiedsssl SO that. the
' More particularly, the pblyol(allyl carbonate) compositions
described in U.S. Patent 4,994,208 comprise a mixture of a major
10 amount of a polyol(allyl carbonate), e.g., diethyléne glycol bis(allyl
carbonate), and a minor amount of a certain urethane containing
ethylenic unsaturation, e.g.,'acrylyl functional groups, at its
terminal ends. Optionally, a small amount of a copolymerizable
difunctional monomer, such as allyl methacrylate, may be added to the
15 composition to enhance the hardness of the polymerizate prepared from
the polyol(allyl carbonate) compoéition; The initiated pot life of
polyol(allyl carbonate) compositions described in U.S. Patent
4,994,208 is relatively short, which can pose processing difficulties
to some manufacturers of cast articles that use such compositions.
20 However, 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 a day obtained with diethylene glycol
bis(allyl carbonate) or compositions of a similar long initiated pot
life. ' ‘ | |
25 .

Plastic optical, e.é., ophthalmic, commercial lenses are
prepared to a significant extent by polymerizing the polyol(allyl
carbonate) monomer, diethylene glycol bis(allyl carbonate), with a

30 free-radical initiator, usually a dialkyl peroxydicarbonate such as
diisopropyl peroxydicarbonate, in glass molds. The pot life of a
batch of diethylene glycol bis(allyl carbonate)—initiated monomer,
i.e., monomer to which an initiating amount of free-radical initiator
has been added, is on the order of about 24 hours at 25°C., which

35 provides the manufacturer (casfer) of lenses sufficient fime to
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30 resulting article is photochromc, i.e., produces a [
‘By "photochronmic" or "photochromc effect” is meant that ﬂﬁ‘étﬁ.ﬁ?h@“ﬁ SHEET
photochron1c containing article is exposed to ultraviol ¢t grght-
article visibly changes. col or (or becones col or_ed) and tthgn ﬁa{;gslpégm
. original color or colorless state when the 35 ul travi ol 4t ||@ t

The photochronic effect may be readily - 4 20 - observdd |

a photochrom c substance-containing article to a source Jof natural
ultraviolet light, such as the sun, or to an artificial

source, suchdggeass %FWW%G%FF@r°(“]t1£%1l*’}§t¢WelinMiERFﬂ 2Rnemes to
nanomet er s) . nGRREhakdde Ehﬁ@mflrﬁhe%&fomem&emomc subst ance(s)

incorporated into the artlcle fromabout 0,01 to about 10 or
wei ght percent. Mor ePigfhyiens §1y‘{°r]rebia‘h(§&ﬁ¥1 &Prbmtﬁamﬁi?&&t%ﬁ%é&?d
i ncor por at edihng (s, tb&ei\lttamga my, ﬁaélg,e cbiipsBidbeis cOnthlinting AOWliphatet ght

percent, e'Sgpblj'ers%gqrtzxizpe%gane ‘d acry a% tav% Welogh]t.if%?rf?en.t, the time from
initiation to gelling, on the order of 5 hours at 25°C. This
significantly reduced pot life compared to diethylene glycol bis(allyl
carbonate) can result in operating difficulties for the caster.
Moreover, it has been found that castings prepared with the diethylene
10 glycol bis(allyl carbonate) compositions of U.S. Patent 4,994,208 may
have a noticeable yellow cast, which is not desirable for articles,

such as lenses, that are réquired to be optically clear.
It hae now been discoﬁered that polyol(allyl carbonate)
compositions that contain minor amounts of a mixture of certain

15 aliphatic urethanes the terminal (or end) groups of which contain
allyl and/or acrylyl unsaturation, have an initiated pot life that is
longer than 5 hours at 25°C.,.e.g., even approaching about 24 hours at
25°C., while providing nearly colorless cast articles, such as
lenses. Such compositions do not pre-release generally from the molds

20 in which they are cured ~ a problem that has been obsgerved with
certain polyol(allyl carbonate) compositions containing only
bis(allyl-terminated) aliphatic urethanes, i.e., such compositions
being substantially free of bis(acrylate—terminated)aliphatic
urethanes.,

25 In accordancé with the present invention, there are provided
‘certain liquid polymerizable polyol(allyl carbonate) compositions
comprising a blend of copolymerizéble monomeric materials; namely, (1)
polyol(allyl carbonate) monomer, e.g., diethylene glycol bis(allyl
carbonate), and (2) a mixture of (a) aliphatic urethane(s) having

30 allyl unsaturation in at least one of its terminal groups, and (b)
aliphatic urethane(s) having acrylyl unsaturation in at least one of
its terminal groups. More particulafly, the polymerizable
polyol(allyl carbonate) monomer represents from ébout 70 to about 90
weight percent, preferably from about 75 to 85, particularly about 80

35 to about 84 weight percent of the copolymerizable composition. The
urethane content of the blend (and the resulting polymerizate) will



10 ot Phot ochrom ¢ substances that may be used to prepare the

phot ochrom c article of the present invention nmay be any suitable organic
phot ochrom ¢ substance that provides a visual photochrom c response when

i ncorporated into the host nmaterial described herein; that are dispersible,
€.g., soluble, within the host material, and 15 that are chem cally
“conpatible with resin. Photochrom c substantes that may be used are vari ed.
. Particularly contenpl ated cl asses of photochrom ¢ compounds that nmay be
used include: spiro(indolino)-type conmpounds, such as

- spi ro(i ndol i_nU?WMiéb@thnég,aléthdei prlouretdiens pat mesdzi Aesavold

" spi ro(benzi ndgbi NRKRY 'dEdeRERE ofd BCPesud® of a post-casting heat treatment, it
spi ro( benzi ndol i no) napht hoxazi nes, spi rogbenm ngol |'no%ﬁr‘1§pht hopyr ans,
.spiro(indoli né? b%?fﬁfﬁﬁdaﬁg?t s"BFr‘b‘(‘ﬁtHEFbﬁ i¢ B‘.}ﬂ’é‘pﬂ tﬁ?ﬁy\’ ,°f °°P°1y“‘e”i"ab._le
spi ro(i ndol i naptpkieRDP WatB8BialsPbé din BhO|range ENEcomm abowts 3.8 O BBOES 4.9 €.,
benzopyr ans Sand 2H.and 3H napht hopyrans, netal dithizonate conpounds,

ful gi des -or fﬁfﬁcler%tdes and spiro(di)hydroindolizines. 25 The

particul ar phot ochr orfadyelfelilyhcearbpnate)cuenstes prthat gnagi be wegeinl the its
conpati bi 11 1Y ,pbiddebEEipeqSpdlymb PLIaHEE r&mh&éib’i% Ultle! bidyat BEfndtesid¢  he
particul ar change in color désired for the photochrom'c article. It is also
cont enpl at ed Lingar, ey (hrpnchesk gliphatic or aromatic liquid polyols, e.g., . )

aliphatic glycol bis(allyl carbonate) compounds, or alkylidene

10 bisphenol bis(allyl carbonate) compounds. These monomers may be
described as unsaturated polycarbonates of polyols, e.g., glycols.
The monomers may be prepared by procedures well known in the ‘art,
e.g., as described in U.S. Patent Nos. 2,370,567 and 2,403,113,
| Polyol(allyl carbonate) monomers may be represented by the

15 graphic formula:
R'-[-0-C(0)-0-R],, I

wherein R ié the radical derived from an unsaturated alcohol and is

20 commonly an allyl or substituted 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 substituted at the 2-position with a
halogen, most notably chlorine or bromine, or an alkyl group
containing from 1 to 4 carbon atoms. Generally the alkyl substituent

25 is a methyl or ethyl group. The allyl group may be represented by the
graphic formula:

HyC=C(R,)~CHy- II

30 wherein R, is hydrogen, halogen or a C;-C, alkyl group. Most
commonly, R, is hydrogen and cdnsequently R is the allyl group,
H,C=CH~CH,-.

R' is a polyvalent radical derived from the polyol which can-
be an aliphatid or aromatic polyol that contains 2, 3, 4 or 5 hydroxy

35 groups. Typically, the polyol contains 2 hydroxy group, i.e., a
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two or.mnore photochrom ¢ substances may be used. 30 Phot ochrom ¢
~conmpounds that may be utilized to prepare photochromic articles of the
present invention are for the nost part described in the open literature
and are the subject of various patent publications. For exanple,

spi ro(i ndol i no) napht hoxazi nes have been descri bed, anong others, in US. -
Patent Nos. 3,562,172, 35 3,578,602, 4,215.04Q and 4, 342, 668.

Spi ro(i ndol i no) pyri do - 21 - benzoxazines are described in U S. Patent
4,637,698. Spiro(benzindolino)pyridobenzoxazi nes and spiro(benzi ndolino)-
napht hoxazi nes gayévldes isphenoln Urite aPhgtatic 4podPdl Mbh$.be linear or branched

S oCben nSchpESU SRR PEBY'FES B SnFACLLARY | GlBBEDoRhe REG

[err] 15 20 wheptyal Rfcan plkRyemerglycrl e*ra"']inarfd?OR[%rtP] b gagboma pitoms @aps

having 1-4 CarBQiE%cz-ch) alkylene glycol, e.g., ethylene glycol, propylene glycol,

5 trimethylene glycol, tetramethylene glycol, or diethylene glycol,
triethylene glycol, etc. o ' .
Specific examples of polyol(allyl carbonate) monomers include

ethylene glycol bis(2~-chloroallyl carbonate), ethylene glycol
bis(allyl carbonate), diethylene glycol bis(2-methallyl carbonate),

10 diethylene glycol bis(allyl carbonate), triethylene glycol bis(allyl
carbonate), propylene glycol bis(2-ethylallyl carbonate), 1,3-propane
diol bis(allyl-carbonate), 1,3—buéanediol bis(allyl carbonate),
1,4-butanediol bis(2-bromoallyl carbonate), dipropylene glycol '
bis(allyl carbonate), trimethylene glycol bis(2~ethylallyl carbonate),-

15 pentamethylene glycol bis(allyl carbonate), and isopropylidene
bisphenol bis(allyl carbonate). Diethylené glycol bis(allyl
carbonate) is the preferred polyol(allyl carbonate) monomer.

A detailed description of polyol(allyl carbonate) monomers
that may be used to form the polyol{allyl carbonate) composition of

20 the present invention is found in U.S. Patent 4,637,698 at column 3,
line 33 through column 5, line 61. That disclosure is hereby
incorporated by reference and is summarized above. As used in the

- present description and claims, the term polyol(allyl carbonate)
monomer or like names, e.g., diethylene glycol bis(allyi carbonate),

25 are intended to mean.and include the named monomer or prepolymers
thereof and any related monomer or'oligomér species contained
therein. | _

The polymerizable polyol(allyl cafbonate) composition of the
present invention may contain from about 10 to about 30, e.g., 15 to

30 25, weight percent of a mixture of aliphatic urethane(s), the terminal
(or end) groups of which contain ethylénic.uhsaturation in the form of
allyl and/or acrylyl_functional 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

35 of aliphatic urethane(s). The mixture of aliphatic urethanes
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‘hal’ogen-'substituted al kyl groups having 1 or 2 carbons, al koxy groups
havi ng 1-4 carbons, hal ogen groups, or nitro group, 1 and n are integers of
0-2, mand t are integers of 0-4, and wherein R2, R3, R4 and R5 may be
identical or different; Rlerr] represents an unsubstituted 25 or
substituted al kyl group having 1-20 carbons, unsubstituted or substituted
cycl oal kyl group have 3-10 carbons, an unsuPpstituted or substituted aralkyl
‘group having 7-20 carbons, or an unsubstituted or substituted aryl group
havi ng 6-14 carbons. Spiro(indolino)benzoxazines are described in U S.

Pat ent 30 4, 8l®nkeéuplapd rhefreimldinchedebenmbrprans, atiphasic ndethanes, some of -

naphthopyrans K | 0 ] i
apnt Bobyr ans da Shigkatd 49l ARMI OB ATRAER, AR b ek Hay UaHEALE

Techni ques of EH siecyyinidl uhgatrratioRet adhpems o, vidchpeentain (G)enn H .
-Brown, Edi tor, mbﬁb&lWlLﬁanméyﬁqn%nsdmati\&W Yag .k dP @liphaticZdretBané OChromc
organo- met al déotnrt!}af Oi?x%t gx?e terminal gr&tlxpaﬁa\)ing an allyl functional group and the
other terminal group having an acrylyl functional group. ‘
_ It is particularly contemplated herein that the polymerizable

polyol(allyl carbonate) composition of the present invention used to
prepare castings contain from about 16 to about 20 weight percent of a

10 mixture of aliphatic urethanes selected from a mixture of:
MIXTURE A

1. at least one aliphatic urethane having allyl unsaturation in
15 both end groups, and '
2. at least one aliphatic urethane having allyl unsaturation in
_ one end group and acrylyl unsaturation in the other end

group, or
20 MIXTURE B

1. at least one aliphatic urethane having allyl unsaturation in
both end groups, ' .
2. at least one aliphatic urethane having acryiyl unsaturation
25 in both end groups, and '
3. at least one aliphatic urethane having allyl unsaturation in

one end group and acrylyl unsaturation in the other end group.

More particularly, the terminally-unsaturated aliphatic urethanes.
30 comprising the mixture of aliphatic urethanes in the polyol(allyl
carbonate) composition may be represented by the expressions:'

D-B~A-B-D . III-1
D-B-A-B-D' 111-2
35 D'-B-A-B-D' . ' I11I-3
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thioformc aryl hydrazi dates, e.g., nmercury dithizonates, are described in,
for exanple, U S Patent 3,361, 706. Ful gides and ful gimdes, e. g. the
3-furyl and 3-thienyl fulgides and ful gimdes 5 .are described in U S.

Pat ent 4, 220,708. 3-pyrryl fulgides and ful gi m des are described in U S
Patent 4,737,449. Spiro(di)hydro- indolizines are described, for exanple,
in US. Patent 4,931,220 at columm 20, |ineg5.through colum 21, line 38.
Certain chronenes, i.e., benzopyrans and napht hopyrans, are described in
U.S. Patents 10 3,567,605, 4,826,977 and 4,980,089 and in copending U.S.

patent appl i caftieasn Sﬁﬁ—bﬁiedﬁﬁﬁs thé/ é&ithinall fftmbetbnwﬁrg:ﬁami coh@Qﬁ;ir@MSfﬂ, 432
filed Septenber

_ d 07/ 624, 8 1990.

portions of th&® 5?8?%??%. OnEaPTeESREY ?t?‘g éeﬁﬁ‘g’é%%ﬁﬁ%‘f °(“,3} i&RYP %ta:s.ning

appl i cat : Ions t ety Lyl amisa beratiion \emdi B)Leppmamouitpmicdmaoummi? moiety
ang, s e N e

Pn bar s cul ar, ChePBELLpEera %200 AnBZ e tabiiflng MISPGEchel flolybae? UEAGC.

4,931, 220 whfch iaeths iforesaipscerapbic FpEessiqns ineg) be ieerenrated thesaie by .
conpounds and a@eanmqtocdvcoulmmwom-anﬁ:menok aelawamﬂ@ta&l(&

tl1eretC) Is ncor fgﬁi th resi ue o gﬁi%ﬁagf% %i r%%%anate.

Group A in the foregoing graphic expressions represents the

residue of a saturatedlaliphatic polyol, e.g.,‘dioi, such as a 02-06

10 alkane diol, diethylene giycol, a polyether diol, a polyeérbbnate diol
or a polyester diol, i.e., the residue remaining after removal of the
hydroxyl groups from the polyol, e.g., diol. For example, when the
polyol is butane diol, A in the foregoing graphic expressions may be
represented by the formula, -CH,—CHy-CH,~CHy— (or —(CHy),~).

15 Preferably, A is the residue of a polyester diol, diethylene glycol,
or Cy~Cg, €.8.9 Cop—Cys alkane diol, e.g., butane diol.

Since Group A may represent an aliphatic polyol selected from
the foregoing described groups, it is evident from the aforedescribed
embodiments of MIXTURE A and MIXTURE B that compbnent A in the

20 expressions III-1 - III-3 may be the same or different for each of the
aliphatic urethanes comprising the polyol(allyl carbonate)
composition. For example, the mixture of aliphatic urethanes may
comprise two or more materials represented by expression III-1 wherein

- component A in each material is different. More particularly, these
25 materials may be represented by the expressions,

D-B~A'~B-D I11-4

" D-B~-A"-B~D III-5

D-B-A'~B~D' | ITI-6

30 " D'-B-A"-B-D' III-7
D'~B-A'-B-D' I11-8

D'-B-A"-B-D' . I1I-9

wherein A' and A" are each the residue of a saturated aliphatic polyol
35 selected from the group consisting of a Cy~Cg alkane diol, diethylene
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The present invention is nore particularly described in the follow ng
exanpl es, which are intended as illustrative only, since nunmerous

nodi fications and variations therein will be apparent to those skilled in

. the art. 25 EXAMPLE 1 Di et hyl ene glycol bis(allyl carbonate) (1349.5 g, 4.9
- nole), isophorone diisocyanate (1111.5 g, 5 noles), and dibutyl tin
~dilaurate (0.5 g) were charged to a 5 lit-em -j acketed, 4-necked flask 30
equi pped with nechanical stirrer, addition funnel, thernoneter, nitrogen

~ purge and water/ethyl ene glycol tenperature bath. The contents of the

reaction fl asglyoel ¢ shpalysiheo &@flera [pElycdrbonatepidiobh@irt atpodpested diodbderat e

nitrogen purg f&%ﬁg?@i’&z@,}bo}r}%ﬁ% hr'OWQgggﬁggW%fr3%998@}(1(1901“%&“"e

- of allyl alcohol 35 an roxyet hyl “nmet hacryl ate
(34.4 g, 0.3 &blie) thmses: of » Chele @Ak Aiedask over a period of two

hours. An exotherm t @thef @wbbiime®8 are also contemplated wherein different
5 polyol residues, e.g., A''' or A"", may be used in combination with
those hereinbefore described. Moreover, the aliphatic diisocyanate
from which component B in the foregoing expressions is derived also
may be the same or different for the aliphatic urethanes used in the
mixture. For example, there may be compohents_B', B", etc. that may

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

In particularly preferred embodiments, the mixture.of
aliphatic urethanes includes either (1) a bis(allyl-terminated)
polyesterurethane, a bis(alljl—terminated) urethane derived from a

15 Cy—C¢ alkane diol, a polyesterurethane having an allyl-containing
terminal functional group and an acrylyl-containing terminal
functional group, and an aliphatic urethane derived from a Co-Cg¢
alkane diol having an aliyl—coﬁtaining terminal functional group and
an acrylyl—éontaining terminal functional group; or (2) a

20 bis(allyl-terminated) polyesferurethane, a bis(acrylyl-terminated)
polyesterurethane and a polyesterurethane having an allyl-containing
terminal functional group.and an acrylyl-containing terminal
functional group. Preferably, the polyester diol is a
polycaprolacione diol and the Cy-Cg alkane diol is 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 about
1:1. Usually, the smaller.the ratio of allyl to acrylyl groups, the
shorter the initiated pot life of the polyol(allyl carbonate)
composition containing the mixture of aliphatic urethanes. Further,

30 in such aliphatic urethane mixtures, the molar amount of polyester
diol to alkane diol used ﬁo-prepare such mixtures may vary from about
95:5 to about 70:30, e.g., about 80:20, which corresponds to molar
ratios of 19:1 to 2.3:1, e.g. 4:l. The mixture of aliphatic urethanes
should form a homogeneoﬁs mixture in and be cqpolymerizable with the

35 polyol(allyl carbonate), e.g., diethylene glycol bis(allyl carbonate),
with which it is blended.




-. 23 + observed. The reaction mxture was all owed to cool overnight.
Therea,fter the reaction m xture was heated to 57C. for one hour.
Subsequent |y, about 1145 grams of a mixture of -80 nol e percent

-pol y(caprol actone) diol (about 530 nol ecul ar weight) and 20 nole 5 percent
1, 4-butane diol was charged to the reaction flask over 5 hours at a
_terrperature of 60-61C. The reaction was cont®rmued for an additional 45

‘m nutes and then the reaction m xture allowed to cool overni ght In the
nmorning, the tenperature of the flask was increasegd to 6 dthe
product  drai ned from tihe vermdpehgrepR din 1*6‘%5%""’5?&&83‘1’5%5

percent sol utignyaf usddepbadion , Lant Iﬂﬁr’p&%fdﬁmyeﬁxef abmlpgkgtqapioé-act one d| ol

-and but ane dio t hyl n ol, bis T t
product was a %9"1‘#‘& Wie \/\792"%/%q t:wThge&gal I p at | c ur e?%%’legg%ﬁ%?gnllgﬁ‘g t he
BrOduICIt }Nas catemiiadkgroop dInpvhish dontalinsitacrylyd npsatugatiomnt mg contain
bi s -t I

(ally eé;‘%{}%ﬁi’%#h&f@ﬁﬁaﬁﬁﬁamﬁm Pol . Can. aci’@(ﬁf'mw dingkesealgout

8.4 nol e per t'erm nat e nononet h t erm nat ed

ur et hane basedi%m}'tlmepoply("!?&bl’bl adhofeyminad sroupolt “‘PY %)lst?oP% TRPreRsRteds
by the expression CHy= =C(L)-C(0)-0-M, wherein M is &n alkylene group of

from 2 to 6 carbon atoms, such as ethylene, e.g., the group derived

- from 2-hydroxyethyl acrylate or methacrylate. The term "acrylyl",

10 when used in the description and claims in the generic sense, is
'intended to include "methacrylyl", i.e., when "L" is hydrogen or
methyl. '

Diisocyanates that may be used to prepare the aliphatic
. urethane component of the polyol(allyl carbonate) composition are

15 aliphatic diisocyanates, cycloaliphatic diisocyanates and

tetramethylene xylene diisocyanate. For convenience and brevity, such
' isocyanates will be referred to collectively as aliphatic

diisocyanates. Such materials are substantially free of aromatic

isocyanate groups. By substantially free bf aromatic moieties is

20 meant that the aliphatic diisocyanate (and thus the allyl-terminated
aliphatic urethane component) contains 1 percent or less of aromatic
diisocyanate groups. Examples of suitable diisocyanates include
1,6-hexamethylene diisocyanate, 1l,4-tetramethylene diisocyanate and
1,10-decamethylene diisocyanate, 4,4'-methylenebis(cyclohexyl

25 isocyanate), h,h'4methy1ene-bis(3-methyl cyclohexyl isocyanate),
hydrogenated toluene diisocyanate (including hydrogenated products
of: (a) the 2,4-isomer, (b) the 2,6-isomer, (c) the -
80/20~-2,4/2,6~isomer mixture and (d) the 65/35-2,4/2,6~isomer
mixture), 4,4'-isopropylidene bis(cyclohexyl isocyanate),

30 1,4~cyclohexane diisocyanate; 4,4'-dicyclohexyl diisocyanate,
2,4'-dicyclohexyl diisocyanaté, tetramethyl xylene diisocyanate, and
3—isbcyanatomethy1—3,5,S—trimethylcyclohekane isocyanate. Preferably,

) the aliphatic diisocyanate is h&drogenated toluene diisocyanate or
3-isocyanatomethyl-3,5,5-trimethylcyclohexane isocyanate (isophorone

35 diisocyanate).
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bi s(allyl -term nated) urethane based on 1, 4-butane dist.gL.,_a,nﬂ about 20 2.1
-mol e percent of nonoal | yl -t erm nat ed, nononet hacryl -}t AERLAGEMENTUSHEITaNE
based on 1,4-butane diol. Dilution of the product w drethytene—ghydo
bis(allyl carbonate) to an aliphatic urethane concen atilﬁ] iﬁg 64 \ei ght
percent gave a clear product having a very slight ydl ljow |9§ , 6
Brookfield viscosity of 57.4 centipoises-43 at 25[er —and a_Ye| liowness
| ndex (through 5 centinmeters) of 2.76, as measured HJy a Hunterlab
Tristinulus Colorimeter, Mdel D25A-9. EXAVPLE 2' Foltowmng—the—proeeddre
and using the equi prisidegeribedmpomponent 4 in the doregripgosranhical |yl '
calr bo;Iat g)t(%ﬁgﬁdﬁi&ns ‘l‘eﬁré‘ﬂﬂlnei,tﬂesﬁﬁ}ghenﬁudi.b m&ar&rnewtréﬂlaﬁ;lt& g, 5 (0.8
nol es), butyl a ydr ox ol uene : a i butyl n . dilaura :
0y et e addedertiopotiir} rotrzs ¥ ) aehiin B otioBgtie pplabr.prtr s afod,
agi tation. Asneltagr an gflkané \diok| cwohainipgStedh §, t2 67 eng.es3 tand, carbon
2- hydr oxyet r : he
flask over %xt%n?sﬁoéi%ﬁ%éﬁ%gg;o%ngg(%t gﬂit% %s %%él&%?oﬁ%ﬁ%&eﬁ . Fnly e
Ther eafter, polyestigrtdigds. Preferably, the aliphatic polyol from which the
component A originates is a liquid at room temperature and is a

——
el — e —

-

polyester diol or alkane diol. : )
Polyesgter diols may be preparéd_by teéhniques well-known in
10 the art, e.g., using saturated dicarboxylic acids or anhydrides
"~ thereof (or combination of acids and anhydrides) and polyhydric
alcohols, or by ring opening of caprolactones, €.8., epsilon’
caprolactone, with a straight chain glicol, e.g.y diethylene glycol.
Such polyester diols and their manner of preparation are well known
15 and are fully described in the published literature. Many are
commercially available im various molecular weights. Aliphatic
dicarboxylic acids suitable for preparing polyesters are those
containing from about 4 to about 14, preferably from about 6 to about
10, carbon ﬁtoms inclusive. Examples of such dicarboﬁylic acids
20 include: succinic acid, glutaric acid, adipic acid, pimelic acid,
suberic acid, azelaic acid and sebacic acid. Corresponding anhydrides
can'also be used. Typically, adipic and azelaic acids are used.
The poiyhydric alcohols used in the preparation of polyester
diols are typically aliphatic alcohols containing at least 2 hydroxy
25 groups, e.g., straight chain glycols contaiﬁing from 2 to 15,
preferably from & to 8, carbon atoms inclusive. More preferably, the
aliphatic alcohols cpntain'only Z'hydroxy groups. The glycols contain
hydroxyl groups preferably in the terminal positions. Examples of
such polyhydric alcohols include ethylene glycol, diethylene glycol,
30 triethylene glycol, tetraethylene glydol, 1,3-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-decane diol
and mixtures of such polyhydric alcohols.
In preparing the polyester diol, the dicarboxylic acid (or
35 anhydride thereof) is reacted with the polyhydric alcohol usually in

the presence of a small amount of esterification catalyst, such as a



-24-.'m xture was heated to 60[err]C. for one hour, awoﬁﬁf&@@‘égﬁéﬂ@gt c}fpe)
tp the reaction fi

. over 5 hours - with an exothermto 62[err]C being opsgrvgy.gchh es Iiant
"reaction mxture was mai ntained at 60[err]C. for one{hpur an& 5%&‘ at

-di ol ,(1325 g) (-about 530 nol ecul ar wei ght) was added

70[err]C. for 4 hours. The product was drained from§ht

ask

ki The

product was a 70 percent solution of aliphb i~ urethhnes in diethylend

glycol bis(allyl carbonate). The reaction product was a I'rght straw col or.
(Yell owness Index (through 5 cn) of. 8. 74. The aliphatic urethane Eortion of
the 10 producton¥erticnpt Argeee %13 edfmivste Ihe pmoupt ofptid pud adsehek -

- bis(allyl-terggenahad) vafelalandpeas ash ehe thatysey (felRcal A edgt dbsizeaabout

20.2 mol t_of the bis(acrylyl-tern pated sl At
. pol y(Capr of aCEREP depPioatnd IBHRVers. §FdobEe Gk BN NI iing = exse

an excess o

téa

nonoal | yl -t erthienal ol pheaeby Ityl elitarini Nizleel chadhé avathirdeg on t he 15

poly(caprolg

bi s(al lyl car

percent gave

10

15

20

25

30

35

rgRaastefse g8 Lybsih Tralolil Ehotle ShefbiNe BEelNB0ern,o; g1

iacpudmiupolyypriptylene akdipated s vPdodhi4-pusyleds| suadiaate),
poly(l,4-butylene glutarate), poly(l,4-butylene pimelate),
poly(l,4-butylene suberate), poly(l,4-butylene azelate),
poly(l,4-butylene sebacate) and poly(epsilon caprolactone). Polyester
diols contemplated for use ﬁay have a moiecular weight average
mclecular weight from about'400 to about 2000, e.g., from about 400 to
1000, based on hydroxyl end group analysis of the polymer. L

Polycarbonate diols that méy be used to prepare the aliphatic
urethane component of the polyol (allyl carbonate) composition may. '
have weight average molecular weights ranging from about 500 to about
5000, e.g., 550 to 3300, more particularly from 750 to 1500, as
determined by hydroxyl end group analysis. Aliphatic polycarbonate
diols are described in U.S. Patent Nos. 3,248,414, 3,248,415,
3,248,416, 3,186,961, 3,215,668, 3,764,457 and 4,160,853. Such
hydroxy-terminated polycarbonates may be prepared from (1) carbon
dioxide and 1,2-epoxides, (2) cyclic carbonates, such as ethylene
carbonate, or (3) from cyclic‘carbonates and 1,2-epoxides 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 soivents and acid acceptors, e.g., tertiary
amines. In addition, polycarbonate diols may be prepared from
glycols, such as ethylene glycol, propylene glycol and diethylene
glycol, and dialkyl carbonates, such as diethyl carbonate and dimethyl
carbonate, by a transesterifiéation reaction. '

In particular, U.S. Patent 4,160,853 describes the synthesis
of aliphatic polycarbonate diols by the reaction of an aliphatic diol
and a dialkyl carbonate in the presence of a titanium catalyst. The

reaction sequence may be depicted by the following equation:

(n+1)HO-Ry-OH+(n)R30~C-OR3 > HO[Ry~0-C-0] R,~OH+2nR30H, Iv



of- 64.4 centipoises and a Yellowness Index (through 5 cnm of 2.53. 20
EXAMPLE 3 Fol | ow ng the procedure described in Exanple 1, a 65 weight
percent sol ution of al i phatic-urethane derived frompoly(caprolactone) diol
(about 530 nol ecul ar weight) and 1, 4-butane diol i'n diethylene glycol
‘bis(allyl carbonate) was prepared in a 25.3-liter reactor equipped like the
5-liter .reactor of Exanple 1. The |ngred|éh13-used wer e di et hyl ene gl ycol
bis(allyl carbonate) (539.8 g, 1.9 nole), isophorone diisocyanate (444.6 g.
2 nmole), dibutyl tin dilaurate (0.2 g'), allyl alcohol (104.6 g, 1.8 nDIe)
2- hydr oxyet hy| wiesteiacn yusaaem:mbsr Zrgm 9 .t2 bl B, imed aliphatis erodp Edimesre -

percent 30 pol y{ ?Qiﬁﬂ?hgf‘f%) xﬂ!aiﬂ-ﬂ% %Qo:ﬁ“l' €o I%'bﬁ@rlto l-afkoﬁulé’&% datd Ré442

g). The m xture droxyet hyl met hacryl ate Was_ad

over 75 ninutest®o 19‘!’1%" edkrk GF°ER)ﬁPﬁF41‘1“1’r§8t1hé?°o‘f SERYITE Bkomg - cBrefisrEed) |y

‘carbonate), th&lﬂihh&ﬂ&maﬁé analdaciat Bjasutdie 54157 ahd.1,6mnensat heton, t 0 56C.
‘Was observedlsg ;‘( |on m.xt ur e 35 .a
h

t C .f 45
m nut es and Bflﬁ*%éfoﬁéﬁre ’&ﬁe}ib@ﬂggfcﬁ%‘ yonate. 6ljhe precy’erred

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 diocls, e.g., poly(oxyethylene)glycols,
poly(oxy~-1,2-propylene)glycols, and poly(oxy-1,4-butylene)glycol,
that may be used to prepare the aliphatic urethane component of the
polyol(allyl carbonate) composition may also vary in moleculor'
weight. Poly(oxyethylene)glycols may range in molecular weight from

15 about 200-4000, more particularly, 750-3300, e.g., 1000-2800. Liquid
poly(oxyethylene)glycols having_moleoular weights of below about 750,
as deﬁermined by hydroxyl end group analysis, are particularly
contemplated. Poly(oxyethylene)glycols may be prepared by reaction
of e;hylene'oxide with water or ethylene glycol in the presence of a

20 catalytic amount of a Lewis acid at 50-70°C. or Lewis base at
120-200°C. N

Poly{oxypropylene)glycols may be prepared in a manner
similar to poly(oxyethylene)glycols. Molecular weights of the
poly(oxypropylene) glycols that may be used to prepare the aliphatic

25 urethane of the polyol(aliyl carbonate) composition may vary from
about 400 to about hOOO, e.g.s 400 to: about 2000, or 400 to about
1200, as determined by hydroxyl end group analysis. Liquid
poly(oxypropylene)glycols are particularly contemplated.

. In addition, block and random hydroxyl terminated copolymers

30 of ethylene oxide and propylene oxide ﬁay be used. Further,
polyether diols prepared from 1l,2-butylene oxide, i.e.,
poly(oxy-1,2-butylene)glycol, and tetrahydrofuran are also
contemplated.

Alkane diols contemplated for use in preparing the aliphatic

35 urethane component of the polyol(allyl carbonate) composition are
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© - 25 nixture added over 3 hours and 45 minutes with an exothermto 63C.
bbserVed. The reaction was continued for 1 hour at 60ferr]C. and then at
70[err]C. for 2 hours. The product was then drained fromthe reactor. The
product was straw colored. \Wen diluted with further 5 diethylene glycol

. bis(allyl carbonate) to a 16.6 weight percent al kphatic urethane

. concentration, the diluted product had a*B¥%oekfield viscosity at 25C. of

© 77.5 centipoi ses and a Yel | ewness Ihdgx (through|5$%nz'3ft5.93. The About
al i phatic urethane portion of the product was cal cul ate 0 conprise u
ﬁ 69.2 nol e perddkggpe Hgg%%lqw@i%st@om Ak §) carbep atoms) ce -Bes celiylene -
monoal |yl / nonagesnagkyppllene t glycoDAUSU=butafie diod, "D/5epef¥aneNiiol and

i ol | and abp-AteRe led  pAiRERraiye HHA SFEwl i oLa BERSAIR LS mIBEL pot cent
nonoal | yl / nomgdrar gkgupst.er i nat ed-, and 0.1 nol e percent bis(nethacrylyl -
15 term natged) - ur et hﬁ@%ﬁ@é&‘l&&%&n&ﬁ?%@?%‘jb?éisar'%'\é%o yol(B1iy}® manner
described in Exanple 2, a 70 weight Eercen : !
carbonate) compositions of the present invention may be prepared by
methods derived from those described in the literature. For example;
the aliphatic diisocyanate, €.g., isophorone diisocyanate, may be
reacted with allyl alcohol at from 30-60°C., e.g., 50-60°C., in the
10 presence‘of a conventional organo tin catalyst, e.g., dibutyl tin
diladrate, to form as a principal product the monoallyl alcohol
substituted aliphatic diisocyanate. Thereafter, two moles of the
" monoallyl alcohol substituted aliphatid diisocyanate are reacted with
saturated aliphﬁtic diol, e.g., polyester diol and/or alkane diol, at
15 about 60-70°C. in the presence of the 6rgano tin catalyst to form the
allyl-terminated aliphatic urethane(s). As used herein, the phrase
“containing terminal allyl unsaturation" with respect to the
aliphatic urethane means that each terminal end of the urethane
contains a functional group'containing allyl unsaturation.
20 " Aliphatic urethanes'containiﬁg acrylyl unsaturation in the -
terminal group may be prepared in a manner analogous to that
described for the allyl-terminated aliphatic urethane, e.g., by
substituting a material containing the acrylyl functional group for
allyl alcohol. Such a material may be 2-hydroxyethyl acrylate or
25 2—hjdroxyethy1 methacrylate. By reacting the monoallyl alcohol
substituted aliphatic diisocyanate and the mono (2-hydroxyethyl
acrylate) substituted diisocyanate (in whatever molar ratio desired
for the end product mixture) with the saturated aliphatic diol, e.g.,
. polyester diol and/or alkane diol, products containing both an
30 allyl-containing terminal group and an acrylyl-containing terminal
group may be obtained. ' '
The aliphatic urethanes described herein may be prepared in
any suitable organic solvent. In a preferred embodiment, the solvent
is the polyol(allyl carbonaté), e.g., diethylene glycol bis(allyl
35 carbonate), with which the allyl—tefminated aliphatic urethane is to
be.copolymerized. |
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sotution of aliphatic urethane derived from pol y(caprol actone) diol 20
(about .530 nol ecul ar weight) in diethylene glycol bis(allyl carbonate) was
prepared in a 3-liter reactor equipped like the-5-liter reactor of Exanple
1. The ingredients used were diethylene glycol bis(allyl carbonate) (468.3
g, .1.65 nol e), isophorone diisocyanate (444.6 g, 2.0 nole), dibutyl tin
dilaurate (0.2 g), a 25 mxture of allyl al ¢gphol (109.8 g, 1.89 nole) and
2- hydr oxyet hyl nethacrylate (13.8 g, -0.11 nole), and pol y(caprol actone)
diol (530 g, 1.0 nole). The m xture of allyl alcohol and 2-hydroxyet hyl
met hacryl at e was addedﬂteueusiﬁghthar golxblt(hklsrleaeﬂmnate)htxmmetgaa hthe : :
di ethyl ene gly ag_@,!? t t4930 at
45C. An exot he?%cttg&@%dk% Qﬁg gil%eic hg&%ggf?%% tﬁ?gle%vx\'/gg B ¥§ %@eat ed

at 60C. for 20peHasnteaf ihel Rﬂﬁ’éuf)'blnﬂ‘%ﬂir Eromt tthpcyeagtim Yasral ot olﬁ H@er eact or
over 4-1/2 hougsi huei@x&bhﬁd&w&np@bwraﬁe&mﬁbegfmeilaganvaﬁe ¢onéd Bped for

1 hour at 60[err C and f hours at 70C r.oduct dr aj ned. from
the react or. >3%eisht Percen'i’if?‘ﬁf%‘b&ef W&sp?jr‘@ﬁf %‘{%IISV\F%PV\?'&?"% a¢xiped
Yel | owness herein, the reaction product can be diluted with additional

polyol(allyl carbonate) until the composition concentration desired
is obtained. | :
The mixture of aliphatic urethanes used to prepare the

10 polyol (allyl carbonate) compdsitions of the present invention may be
prepared simultaneously in one reaction vessel as a single reaction
product mixture, as described hereinbefore. Alternatively, -each
aliphatic urethane used in the mixture may be prepared separately
and then each blended (or diluted) with the polyol(allyl carbonate)

15 monomer in the required proportions to obtain the desired

| composition. When prepared simultaneously, the mono-substituted

aliphatic diisocyanate(s) is prepared as hereinbefore described and
to this material is added (1) a blend of the aliphatic polyol(diol)
reactants, i.e., the reactants forming the residue of the “A'" moiety

20 in the expression ItI-l, in the desired mdle'ratio proportions, e.g.,
the polyester diol and alkane diol, or.(2) the dissimilar aliphatic
diols added sequéntially. Preferably, the aliphatic diol that
represents the larger amount of the two diols is added first. For
example, when the aliphatic polyols used are a polyester diol., e.g.,

25 poly(caprolactone) diol and an alkane diol, e.g., butane diol, and
the molar amount of the polyester diol is larger than the alkane
diol, e.g., the mole ratio of the polyester diol to the alkane diol
is 9:1, the polyester diol is added first to the mono~substituted
aliphatic diisocyanate followed by the alkane diol.

30 Aliphatic urethanes containing terminal bisaliyl-,
monoallyl/moncacrylyl, and bisacrylyl functional groups may be
further depicted bi the following graphic formulae:

CHy=CH-CH,~0~C(0)-NH-R ' ' '-NH~C(0)0
35 |
| A V-1
CHy=CH~CH,-0-C(0)-NH-R' ' '-NH~C(0)0 REPLAGEMENT SHEET
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© 26'- Index (through 5 cm) of 5.85. Wien diluted with further diethylene
glycol bis(allyl carbonate) to a 18.1 weight percent aliphatic urethane

concentrati on,

the diluted product had a Brookfield viscosity at 25[err]C

of 89.5 centipoises and a Yell owness Index 5 (through 5 cm) of 2.20. The

al i phatic port
percent bis(al

ion of the product was cal culated to conprise about 89 8 nol e

lyl- terminated)-, 10.0 nmellé percent

nonoal | yl / mononet hacryl yl - tern1nated- and 0.2 nol e percent

bi s(met hacryl yl - tern1nated) ur et hanes based on poly(caprolactone) diol. 10
eactor equipped like the 5-liter reactor described in Exanple

To a 3-liter r
1 and cont ai ni

nol es), isophorone diiso

(0.8 g) and di
about 2 hours
2- hydr oxyet hyl
observed. Ther

10

15

ng di et hyl ene col bis(allyl carbgnate) (498.5 g, 1.8
89&@%“ "4)2!2(%) 91/ zN'b-%Bs 4- met hoxy phenol

butyl tin dilaurate (0.2 g) at 50[err] L., Mas aﬂgfd over
a mxture of allyl alcohol (58.1 g, 1.Pp nole) a

C a 13d. e Eprmr, xothermto 54C. was
SFRACE iy 2b S Lod;- 3-8 ool #0 Shr-cAB) __ |
CHy=CH~C (0)-0-CH,—~CHy~0-C(0)-NH~R' ' ' -NH-C(0)0
.A | V-3

CH,=CH-C(0)-0-CH,~CH,~0~-C(0)-NE-R' ' '-NH-C(0)0

wherein A is the residue of the aliphatic polyol, e.g., polyester

diol or alkane diol, and R''" is the hydrocarbon'portion of .the

aliphatic diisocyanate. By selecting A and R''' from the examples-
described hereinbefore, the aliphatic urethane can be varied to

20 provide different allyl/acrylyl-terminated aliphatic urethanes.

Polymerization of the polyol(allyl carbonate) composition

may be accomplished by adding to the composition an initiating amount

of material_éapable of generating free radicals, such as organic

peroxy compounds. Methods fo; polymerizing polyol(allyl carbonate)

25 compositions are well known to the skilled artisan and'any of those

well known techniques may be used to polymerize the aforedescribed

polymerizable composition. Suitable examples of organic peroxy

compounds include: peroxymonocarbonate esters, such as

tertiarybutylperoxy isopropyl carbonate; peroxydicarbonate esters,

30 such as di(2-ethy1hexy1) 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

35 t-butylperoxy pivalate, t~butylperoxy octylate, and

t-butylperoxyisobutyrate; methylethylketone peroxide,

acetylcyclohexane sulfonyl peroxide, and azobisisobutyronitrile.

Preferred .initiators are those that do not discolor the resulting

resin polymerizate, such as diisopropyl peroxydicarbbnate.
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reaction m xture was heated at 60C. for about 45 m nutes and the 20

pol y(caprol actone) diol (527 g, 1.0 nole) (about 530 nol ecul ar wei ght)
added to the reactor over about 3 hours. No exotherm was observed. The
reaction m xture was cool ed and allowed to set overnight. The reaction

m xture was reheated to 70C. for 2 hours and 4 drops of dibutyl tin
dilaurate were added to aid the reaction. 237Heati ng was conti nued for an
additional 4 hours 15 minutes. The reaction product was then drained from
the reactor. The product was a 70 wei ght percent solution of aliphatic
ur et hane derived from THecapwint( cfpmdkiatiornugediitol initiateahd | polipmepizeothe -
ois(allyl carbgoaiix l-glecﬁi%‘ﬁﬁhﬁ;‘e PEM Lo By Shedr i W21 £ reBiafla VAT o e

Yel | owness 30 rou 14.23. Teall atic ortlono the
product was caPetfignier dgibiatori ugedapbhn meke-mpnpf é:hﬁe?%‘ﬁ’ﬁﬁ lon, e.g., the

blS(Eﬂ: y:;1iernhﬁ6ﬁ?&dbf,aﬁiQI(hdaDhétjlglcfﬂﬂhtional groups present, and the degree
nmonoa mo t hacr -t nat e n
bi s(met Kacr yIPy tcé’lrﬁf %a‘#’éﬁ) e‘lf?e _uffg:sgﬁ r@ﬂu?ﬁeéi SBP@’(@S&%F&&W&?M :

the polymerization reaction is required, i.e., an initiating amount.

With respect to the preferred peroxy compound, diisopropyl
peroxydicarbonate, typically between about 2.4 and aboug 3.5 parts of
that initiator per 100 parts of the polymerizable composition (phm)

10 may be used. More usually, between aboui 2.75 and about 3.25 parts
of that initiator per 100 parts of polymerizable composition is used
to initiate the polymerization. The amount of initiator and -the -
consequent cure cjﬁle should be adequate to produce a polymerizate
having a 15 second Barcol hardness of at least 10, preferably,.at

15 least 14, e.g., 10 to 35. Typically, the cure cycle involves heating
the polymerizable composition in the presehce of the initiator from
room temperéture or 45°C. to about 95-105°C, over a period of about
17-21 hours. The surface of the cured matrix should not be so hard
that, in one embodiment, imbibition of photochromic substances into

20 the matrix by immersion or thermal transfer is inhibited or prevented
if that method of incorporating the photochromic substance 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(allyl carbonate) composition. Such additives may include
light stabilizers, heat stabilizers and ultravioclet light absorbers.
In additidﬁ, it is contemplated that a form of photochromic substance
_resistant to the effects of the peroxy-type initiator may also be
added to the polymerizable resin composition. Such photochromic

30 substances include photochromic pigments and photochromic compounds
encapsulated in metal oxides, the latter of which is such as
described in U.S. Patent 4,1663043 and 4,367,170,

In addition it is contemplated that from about 0.1 to about

0.5, e.g., 0.1 to 0.4, weight percent, based on the weight of the

35 copolymerizable mixture, of a dialkyl pyrocarbonate may be added to
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= 27-* diol. Wen diluted wth further diethylene glycol bis(allyl
"carbonate) to a 19.3 wei ght percent "aliphatic urethane concentration, the
di l uted product had a Brookfield viscosity at 25[err]C. of 89.5 centi poises
and a Yell owness Index (through 5 cm of 4.58. EXAMPLE 6. A pol yol (al |yl
carbonate) polynerizabl e conposition conprising about 99.7 wei ght percent
of the diluted product of Exanple 1 and-abbut 0.3 wei ght percent di et hyl
pyrocarbonate was 10 prepared by adding the pyrocar bonate to the diluted
product. This co 03|t|on was initjated with 2.70 phm of diisopropyl

cgﬂ sheet s

per oxydi car bdifaPelytgitale ropmosstions Ss 2514]11%’?1 f("f&‘:%erBaie‘O ngy
usi ng a nol drq@rreaaf&d by Giet mphllatfoghanf. Ri'a0-@€0 >-ap-a(0)-@aRDy whegefk@!. The

I bl A d (] h th
ormost 1 on 1 SSS-eRdoRA SRF SHHRE fRERR, BE cator e Bl B8 Aileis e
cured sheet moalkrs seltmfdrﬁdﬁeok" Har & leyer F#lkys, (%senéh_sgt,edkai 28icbrr] C.
with a Bargolg bwlessaie&@@ﬁ}m@wo&%é ﬂs) ec&rb%\ieaffy' Bgem@e& hel frﬁé' \e.ﬂ ng

L*, a* and b* color val as neasured by a Spectrogard|[err]
Syst em Spect‘?foﬂﬁﬁlclﬁ’ﬂfe?lé‘wc“‘gl?"'!?tee % ipkihitsyellowing of castings °f

polyol(allyl carbonate) compositions is described in copending U.S.
patent application Serial No. 07/347,539, filed May 4, 1989, the
description of which dialkyl pyrocarbonates is hereby incorporated

10 herein in foto by reference. - |

The synthetic organic polymerizate obtained by
polymerization of the polyol(allyl carbonate) composition will
preferably be transparent or optically clear so that‘it may be used
for optical lenses, such as plano and ophthalmic lenses, windows,

15 automotive transparencies, e.g., windshields, T-roofs, sidelights and
backlights, and for aircraft transparencies, etc. The polymerizate
also should be transparent to that portion of the electromagnetic
spectrum which activates photochromic substance(s) that may be
incorporated in the matrix, i.e., that wavelength of.ultrﬁviolet (uv)

20 light that produces the colored or open form of a photochromic
substance and that pdrtion of the visible spectrum that includes the
absorption maximum wavelength of the photochromic substance in its UV
activated form, i.e., the open form.

Since the polymerizable polyol(allyl carbonate) composition

25 comprises from about 70 to 90 weight percent polyol(allyl carbonate)
the physical properties of the cured (polymerized) material of the
present invention are similar to those obtained for homopolymers of

~ the polyol(allyl carbonate) monomer, e.g., diethylene glycol
bis(allyl carbonate). For optical_apélications, such properties

30 include relatively_low yellowness, iow haze, adequate impact strength
and hardness, suitable abrasion resistance for polymerizates of
polyol(allyl carbonate), dyeability and organic solvent resistance.
Such physical properties are described in "The Handbook of Plastic
Optics"”, second edition, U.S. Precision Lens, Inc., Cincinnati, Ohio,

35 1983, which is incorporated herein by'reference.
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20 respectively. These val ues show that the casting was nearly col orl ess.
‘'The percent light transm ssion of the casting, (Y) was 92.6 percent.
Exanple 7 25 A pol yol (al lyl carbonate) pol yneri.zabl e conposition
~conprising about 83.0 weight percent diethylene glycol bis (allyl

- carbonate), 14.5 weight percent of bis(allyl-termnated) aliphatic urethane
prepared from pol y(caprol actone) diol haviidd a nol ecul ar wei ght of about
530 and i sophorone diisocyanate, 2.2 weight percent of 30

bi s(al 'yl «<term nat ed) allphatlc ur et hane prepared from1, 4- but ane di ol and
_i sophorone di i socyanath@t °S‘i‘ﬁf“’é°3%¥t\706?'%ldeﬁ%‘f’@§ﬁthW§?W by obtgirrshiye was
prepared. Thi $n BEH:\@OWQ&I pplying ko Bhé iafbféedasiciibed gfnyhetioforganic

i o ved” al SEOFA B g PR LR, (oo BakFHIALY S 1ot Bu Bitetle PAPERFaRt o
five 2-base 1ltéompduhd et epmpuitiéiods cbntaininﬁ&t— least one organic photochromic
5 compound (hereinafter collectively referred to as "photochromic

substance(s)"). Incorporatioﬁ or application of a photochromic _
substance to the host material may be accomplished by various methods
described in the art. Such methods include dissolving pr'dispersing -
the photochromic substance within the plastic host, €.g.s imbibition

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

15 the host. The term "imbibition" or "imbibe" is intended to mean and
include permeation of the photochromic substance alone into the
subsurface of the synthetic plastic host material, solvent assisted
transfer absorption of the photochromic substance into the
polymerizaté, vapor phase transfer and other such transfer

20 mechanisms. .The thermal transfer of photochromic substances into a -
transparent plastic host material is known to the skilled artisan and
is described in the literature. See for example, U.S. Patents
4,286,957 and 4,880,667, and copending U.S. patent application Serial
No. 07/490,029, filed March 7, 1990, which are incorporated herein in

25 toto by reference.

The amount of photochromic substance(s) incorporated into
the synthetic 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 resulting article is photochromic, i.e., produces a photochromic
effect. By "photochromic" or "photochromic effect" is meant that
when the photochromic~containing article is exposed to ultraviolet
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 '
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sem - tinished lens blanks in a water bath. The | enses were cured by heating.
-the nolds slowy fromabout 44[err]C. to 95[err]C. over 17 hours. The nol ds
-were then allowed to cool to 80[err]C. in the bath before being renoved.

The | ens blanks were then denol ded at 40-50[err]C. Two of the 5 | enses cast
:usi ng the nonomer conposition described in this Exanple 7 pre-rel eased,
"i.e., the casting had rel eased fromthe mRA sonetine during the curing
_cycle and prior to denolding. Pre-release results in a permanent defect in

- the surface of the |l ens which cannot be repaired. Such pre-rel eased | enses
nust be di scasbimtved by enpesios such amhotochnomic javhstancgrentedningi ng t he

MoNoner Conmpog}dicq@ aEémleeoﬁ :ﬁ%&rélehﬁéfﬁQ01M1&mSS§cﬁ a8 M RAGhn [IpONEr

' conposi tion were inbi itoc rom c Ze an showed good
phot ochroni ¢ ’a'%tﬂ'\/FFE/if&ﬁéI%]r ‘-\}FF‘F‘E?\? 8Pt Jippreeps suc as a Spectroline

- Exanple 8 A pshperer Lagh| RodglNMNENF-28 (385 hdrdiie Cax#)L | $e&§ri]l’19,dtlithﬁdlmt
product of

pr epar ed. Tﬁxg @6‘858%‘%%%8% ﬂ%a\l\@?’%e{(fge{ 53%5?%&:?{ géL?)%r natat%owafsy

- per oxydi car bofiedne ahowt ®s@l tooaboispdP cort 80 weight pettet; nM¢rie| mpie:aléﬂge_

- thick sem -TighShpdud€3E MAIERrdic! Abetatdd (89 incorporatéd into the article

' | may range from about 0;01 to about 2 weight percent, e.g., from about
0.05 to about 1 weight percent.

10 Photochromic substances that may be used to prepare the
photochroﬁic article of the present'invention may be any suitable
organic photochromic substanée that provides a visual photochromic
response whedﬁincorporated into the host material described herein;
that are dispersgible, e.g., soluble, within the host material, and

15 that are chemically compatible with resin. Photochromic substances
that may be used are varied. Particularly contemplated classes of
photochromic compounds that may be used 1nclude£ spiro(indolino)-type
compounds, such as spiro(indolino)pyridobenzoxazines,
spiro(indolino)naphthoxazines, spiro(benzindolino)pyridobenzoxazines,

20 spiro(benzindolino)naphthoxazines, spiro(benzindolino)naphthopyrans,
spiro(indolino)benzoﬁyrans, spiro(indolino)naphthopyrans,
spiro(indolino)quinopyrans, spiro(indolino)benzoxazines, chromenes,
i.e.; benzopyrans and 2H and 3H naphthopyrans, metal dithizonate
compounds, fulgides or fulgimides and spiro(di)hydroindolizines.

25 The particular photochromic substance(s) selected for use
will depend on its compatibility with the resin, including its

. solubility therein, and the particular change in color desired for
the photochromic article. It is also contemplated that mixtures of
two or more photochromic substanceé may be used.

30 . Photochromic compounds that may be utilized to prepare
phofochromic articles of the present invention are for the most part
described in the open literature and are the subject of various
patent publications. For example, spiro(indolino)naphthoxazines have
been described,:among others, in U.S. Patent Nos. 3,562,172,

35 3,578,602, 4,215,010 and 4,342,668. Spiro(indolino)pyrido
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"procedure described in Exanple 7. None of the |ens blanks prepared from
this mononer conposition pre-rel eased. Exanple 9 25 The nononer
"conmposition of Exanple 8 was initiated with 2. 70 phm dii sopropyl

per oxydi carbonate and cast into 6 x 6 x 0.25 inch (15 x 15 x 0.6 cn) sheets
I n_accordance with the procedure described in Exanple 6. The cast sheet had
‘a 15 second Barcol Hardness of 12. The L*7 &*-and b* col or val ues for the
casting were 97.1, -0.1 and 30 0.5 respectively. The percent transm ssion

(Y) was 92.6 percent. The foregoin ol or_val ues shq t the casting was
‘nearly col orl é@gg?o’mAmerfod%%?%bﬁt‘a‘t’ﬁyl %taﬁ"ﬁoéf?’g)g nposi tion was

prepar ed fromspidd(benkindodiné)py@idetiephdxgxdnes rindospidoi(bdramiefietinp)893

ur et hane di acryl at.e - 29 -. 7 ' p [ loene gl ycol
bis(allyl car 6‘%&%‘3’“‘3%’0?{"mdeﬁ?gﬁ’?"e\ég?‘gg’tﬁﬁ‘o aﬂgﬁ%tlﬂfﬁi%rsécar bonate. This
conposi tion vwﬁpiro(benzindolino)-naphthopyrans are described in Japanese patent

- 5 publication 62/195383 and are represented by graphic formula VI

10

(R

15

' (Rs)e

(R%),

20 wherein Rz, R3, R* and R are aikyl groups having 1-4 carbons,
halogen-substituted alkyl groups having 1 or 2 carbons, alkoxy groups
having 1-4 carbons, halogen groups, or nitro group, 1 and n are
integers of 0-2, m and t are integers of 0-4, and wherein Rz, R3, R%
and R may be identical or different; r! represents an unsubstituted

25 or substituted alkyl group having 1-20 carbons, unsubstituted 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)benzoxazines are described in U, S. Patent

30 k,816,584; Spiro(indolino)benzopyrans, spiro(indolino)-

 naphthopyrans and spiro(indolino)quinopyrans are described, for
example, in U.S. Patent 4,880,667. Spiropyrans are also described in

the text, Techniques of Chemistry, Volume III Photochromism, Chépter ,
"3, Glenn H. Brown,Editor, John Wiley and Sons, Inc. New York 1971.
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initiated wwth 2.25 phm I PP and cast into 2-base 11 mlli

'seni -f.i ni shed | ens bl anks using the sane cure cycle as 5 d
Exanple 7. Three of these |enses and three | enses from Exa
I mbi bed sinul taneously with an identical photochrom c dye.
thermal transfer nethod. The | enses were neasured for phot

pl
mal

DC

rad,g,efhir-lz.

pSRERUACBMENT SHEET
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at” 72[err]F. (22[err]C. ) and 95[err]F. (35[#22~C. ), which ¢gatais tahulate
iin Table I. 10 TABLE | 72[err]F. (22[err]C ) Lens # Net Abs.[err]
Jerr]O)err] Exanple Lens at 346 nm 0.5 mn 2—n

‘10 min 15 10 - 1 Photochro@ic organo-metal @itisigonates, i.e. (grylazo)-
0.303 10 - 2 ¢nioformie: prlhydrazidates ,0'399_8, mercury dithq_zét_?gtes, are 0.318
10 - 3 2. 06 0. 068 . 0..178_ 0.318 8 - 1
1. 99 desgripgg in, for examplepd).S. Patent 3,é6§g&620 Fulgides) and '
:2.01 fulgOnifes, e. g. the @~Bdsyl and 3-thiendl3fifigldes and fulgimidbsoz
.0.088 5 areodéggiibed in U.S. %age&% %5£§H'Eb§: g-p rryi]éalgides and

fulgimides are described in U.S. Patent 4,737,449, Spiro(di)hydro-
indolizines are described, for example, in U.S. Patent 4,931,220 at
column 20, line 5 through colum 21, line 38. Certain chromenes,

i.e., benzopyrans and naphthopyrans, are described in U.S. Patents
10 3,567,605, 4,826,977 and 4,980,089 and in copending VU.S..patent
applications Serial Nos. 07/490,031 filed March 7, 1990, 07/557,432
filed September 23, 1990 and 07/624,816 filed December 3, 1990.
Those portions of the aforementioned identified patent

publications and applications that describe the various photochromic

15 compounds generically and specifically are hereby incorporated in
toto by reference. In particular, column 8, line 52, through column
22, line 40 of U.S. Patent 4,931,220 which describes specific
spiro(indolino)-type photochromic compounds and other photqchroﬁic

compounds and the disclosure relating thereto is incorporated herein

20 in toto by reference.

The preéent invention is more particularly described in the

following examples, which are intended as illust:ative only, since

numerous modifications and variations therein will be apparent to

those skilled in the art.
25
EXAMPLE 1

biethylene glycol bis(allyl carbonate) (1349.5 gs 4.9 mole),
isophorone diisocyanate (1111.5 g, 5 moles), and dibutyl tin
dilaurate (0.5 g) were charged to a 5 liter, jacketed, 4-necked flask

30 equipped with mechanical stirrer, addition funmel, thermometer,

nitrogen purge and water/ethylene glyéol temperature bath. The

contents of the reaction flask were heated to 50°C. with rapid

agitation and a moderate nitrogen purge for 45 minute

The nitrogen

purge was reduced and a mixture of allyl alcohol (274.6 g, 4.7 moles)
35 and 2-hydroxyethyl methacrylate (34.4 g, 0.3 mole) was added to the
reaction flask over a period of two hours. An exotherm to 56°C. was




10 ~ 1 0. 058 0. 095 0 +i5—25—416
-2 0. 057 ~0.095 BERLACEMENT SHEET
0. 058 0. 098 0.119 8 - 1 - _ 0.073

0. 115 0.133 8 - 2 0. 070 :
0.131 30 8 - 3 0.071 (B :.1510 oc? 156&
0.133 1. Net absorbance 2. The change if &ptical Density [lLog—{1+66+9%
Transm ttance)], i.e., the change equal to the activated (¢r partially
activated) OD of the |l ens mnus the OD of the unactivated 35 I ens.

Act i vat ed OPbpervedas Fhed reqqtdon mixture Mepotlligwed @ col wyexnighhon _
ul traviol et Thegéhftep| theSresctdonl miRtidd Whb Sheated to367°C.THEr dakandfr, Tabl e |

show {hat_alj SxeRREd, ShRLEIREH RRYed RoWBRIE. AIPHH Ll BICLE OTIC Oy
about 2. 00. pphp€caprolactone) diol (about 530 molecular weight) and 20 mole
5 percent l,4-butane diol was charged to the reaction flask over 5
hours at a temperature of 60-61°C. The reaction was continued for an
additional 45 minutes and then the reaction mixture allowed to cool
overnight. In the morning, the temperature of the flask was
increased to 60°C. and the product drained from the reaction flask.
10 The product was a 65 weight percent solution of aliphatic urethanes
derived from polycaprolactone diol and butane diol in diethylene
glycol bis(allyl carbonate).
' The reaction product was a very light straw color. The
- aliphatic urethane portion of the product was calculated to comprise
15 about 71.6 mole percent of bis(allyl-terminated) urethane based on
the poly(caprolactone) diol, about_8.h mole percent~of._ '
monoallyl-terminated, monomethacrylyl-terminated urethane based on
the poly(cagrolactone) diol, about 17.9 mole percent of
- bis(allyl-terminated) urethane based on 1,4-butane diol, and dbouﬁ
20 2.1 mole percent of monoallyl-terﬁinated, monomethacryl-terminated
urethane based on 1l,4-butane diol. Dilution of the product with
diethylene glycol bis(allyl cafbonate) to an aliphatic urethane
concentration of 16.64 weight percent gave a élear product having a
very slight yellow tinge, a Brookfield viscosity of 57.4 centipoises
25 at 25°C., and a Yellowﬁess Index (through 5 centimeters) of 2.76, as
measured by a Hunterlab Tristimulus Colorimeter, Model D25A-9.

EXAMPLE 2
Following the procedure and ueing the equipment of Example 1
30 diethylene glycol bis(allyl carbonate) (1224.8 gs 4.5 mole),
isophorone diisocyanate (1111.5 g, 5 moles), butylated hydroxy
toluene (0.75 g), and dibutyl tin diiaurate (0.8 g) were added té the
reaction flask and heated to 50°C..with rapid agitation. A mixture
of allyl alcohol (159.8 g, 2.7 moles) and 2-hydroxyethyl acrylate
35 (261.2 g, 2.2 mole) was then charged to the flask over a period of 2

hours. An exotherm to 56°C. was observed. Thereafter, the reaction




" 5 absdrbance being the difference between the ultraviole
at 346 nm of the photochrom c-containing | ens mnus the
- absorbance at 346 nm of the original cast |lens.) The dat4- Tabl'e | shoj
calso that the |l enses of Exanple 8, i.e., lenses preparedjf onq@qjc*paéggl I
carbonate) conpositions of 10 the present invention havejan inprove
i phot ochromnic response over the | enses of -Exarple 10 - asj|il
" higher [err]OD values - at each tenperature and for each|degree of
-activation. Although the present invention has been described W th
reference to mixéusparesfheatddttd 68°Gf fpuranechdw, ambedintapsoldesomef, 15 it
IS not inten t pdseS igl ggﬁr | M ' p scope
- of the i nven'?‘?i g% g%gpgyﬁﬁgﬁﬁrs?gs@gaan 9%%“%2 ‘g(s{%%?édt Egtst t*[éhg%/hégrl gn :
i ncl uded in tHeskhc¥EFpaMPAUsg © Withen exothesy to GR}. being gbspsyefs: The A
pol ymeri zabl erega0editC r6£4H16H i hix@Grs WaBMainbginkd at 60°C: for one hour and

5 then at 70°C. for 4 hours. The product was drained from the reaction-

>
37

flask. The product was a 70 percent solution of aliphatic urethanes
in diethylene glycol bis(allyl carbonate).
. The reaction product was a light straw color. (Yellowness

Index (through 5 cm) of 8.74. The aliphatic urethane portion of the

10 product was calculated to“compriae about 30.3 mole percent of
bis(allyl-terminated) urethane based on the poly(caprolactone) diol,
about 20.2 mole percent of the bis(acrylyl-terminated) urethane based
on the poly(caprolactone) diol, and about 49.5 mole percent of the

_ monoallyl-terminated, monoacrylyl—terminated urethane based on the

15 poly(caprolactone) diol. Dilution of product with diethylene glycol
bis(allyl carbonate) ﬁo an aliphatic urethane concentration of 19.0
weight percent gave a product having a Brookfield viscosity at 25°C.
of 64.4 cen;ipoises and a Yellowness Index (through 5 cm) of 2.53.

20 . EXAMPLE 3
Following the procedure described in Example 1, a 65 weight

percent solution of aliphatic urethane derived from _
poly(caprolactone) diol (about 530 molecular weight) and 1,4-butane
diol in diethylene glycol bis(allyl carbonate) was prepared in a

25 3-liter reactor equipped like the 5-liter reactor of Example 1., The
ingredients used were diethylene glycol bis(allyl carbonate) (539.8
gs 1.9 mole), isophorone diisocyanate (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 mole), and a mixture of 80 mole percent

-30 poly(caprolactone) diol and 20 mOlevpercent 1l,4-butane diol (442 g).
The mixture of allyl alcohol and 2-hydroxyethyl methacrylate was
added over 75 minutes to the reactor containing the diethylene glycol
bis(allyl carbonate), the diisocyanate and catalyst at 45°C. An
exotherm to 56°C. was observed. The reaction mixture was then heated

35 at 61°C. for 45 minutes and the poly(caprolactone) diol/butane diol



* copol yneri zable blend of: 5 (a) polyol(allyl carbonate),
“and (b) from about 10 to about 70 wei ght percent of a m xture of -aliphatic
~urethanes, the terminal portions of which contain a functional group
. sel ected from the group consisting of allyl and acrylyl groups, said

m xture of aliphatic urethanes being 10 representable by at |east two of
-the expressions, (1) DB-A-B-D, (2) DB-AB[> and (3) D-B-A-B-D 15
-wherein D represents the termnal portion containing the allyl group, D
.represents the term nal portion containing the acrylyl group, B represents
~an aliphatic iixtuearssded coveri 3thoure parais 85 tiblibesh yithenf exotllesm to 63°C. -

@( O - NH( E) '\% %@Q O Th%ai&:ﬁnEwhé ctonFitﬂ.{:]édpP@xt Ilch5 hg%%o &a fHen ﬁ't

al i phatic diisocy anate each a tic uret present in
m xture of al YQ)Wat for & b?‘mfnes'fheep?%@’é:ﬁt‘sa& ffhen é‘§P6‘Eﬁ§1 6?% thyt ’Eﬁ‘&t‘:@ﬁ

aliphatic di ol selectiyd prdlict MasOs o GoMueal i Mhehfd1Cedh akharia ches) s,
di et hyl ene g Xf thylgngl % %o rbgs&llyf a¥'§ona e)déo a 16.6 weight percent
aliphatic urethane concentration, the diluted product had a
Brookfield viscosity at 25°C. of 77.5 ceﬁtipoises arid a Yellowness
Index (through 5 cm) of 5.93. The aliphatic urethane portion of the
product was calculated to comprise about 69.6 mole percent bis(allyl-
10 terminated)-, 16.3 mole percent monohl1y1/monomethacry1y1r'
terminated—, and 1.0 mole percent bis(methacrylyl-terminated)-
urethanes based on the poly(caprolactone) diol, and about 10.5 mole
percent bis(allyl-terminated)-, 2.5 mole percent monoallyl/mono-
"acrylyl-terminated—, and 0.1 mole percent bis(methacrylyl-
15 terminated)-urethanes based on 1,4-butane diol.

EXAMPLE &4
In the manner described in Example 2, a 70 weight percent
solution of'aliphatic urethane derived from poly(caprolactone) diol
20 (about 530 molecular weight) in diethylene glycol bis(allyl
carbbnate) was prepared in a 3-liter reactor equipped like the
5-liter reactor of Example 1. The ingredients used were diethylene
glycol bis(allyl carbonate) (468.3 g, 1.65 mole), isophorone
diisocyanate (444.6 g, 2.0 mole), dibutyl_tin dilaurate (0.2 g), a
25 mixture of allyl alcohol (109.8 g, 1.89 mole) and 2-hydroxyethyl
methacrylate (13.8 g, 0.11 mole), and poly(caprolactone) diol (530 g,
1.0 mole). The mixture of allyl alcohol and 2-hydroxyethyl
methac:ylate was added over 2 hours ﬁo the reactor containing the
diethylene glycol bis(allyl carbonate), the diisocyanate and catalyst
30 at 45°C. An exotherm to 52°C. was 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
observed. The reaction was continued for 1 hour at 60°C. and for 2
hours at 70°C. The product was drained from the reactor.
35 _Fhe product was light straw colored and had a Yellowness
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~0or- pol ycarbonate diol, the nole ratio of said allyl groups to acrylyl 25
groups:-in the aliphatic urethanes present in the m xture being from about
.15:1 to about 1:1. 2. The pol yneri zabl e conposition of claim1l wherein
.the polyol (allyl carbonate) is diethylene glycol bis(allyl carbonate) and
the m xture of aliphatic urethanes is present in anounts of from 30 about
10 to about 30 weight percent. 3. The pogg/meri zabl e conposition of claim
1 wherein Ais the residue of a saturated polyester diol, having a

nol ecul ar wei ght of from about 400 to about 1000, or C2-C6 al kane diol. 4.
The pol yneri zhideg Chrpoagh (51 em) @f Bl85.m Whenhdibitedt with3furbhley edtethylion® i S

ool o3or o ok iE) Sl hgthede’ g g RO aolbe ot on of
conposi ti on ofrethanenconogntratipn,hthe diluted product had a Brookfield

viscosity at 25°C. of 89.5 centipoises and a Yellowness Index

5 (through 5 cm) 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 monoallyl/monomethacrylyl-
terminated-, and 0.2 mole percent bis(methacrylyl-
terminated)-urethanes based on poly(caprolactone) diol.

10

EXAMPLE 5
To a 3-liter reactor equipped like the 5-liter reactor

described in Example 1 and containiﬁg diethylene glycol bis(allyl
carbonate) (498.5 g, 1.8 moles), isophorone diisocyanate (444.6 g,

15 2.0 moles), 4-methoxy phenol (0.8 g) and dibutyl tin dilaurate
(0.2 g) at 50°C., was added over about 2 houfs a mixture of allyl:
alcohol (58.1 gs 1.0 mole) and 2-hydroxyethyl methacrylate (131.0 g,
1.0 mole). An exotherm to 54°C. was observed. Thereafter, the
reaction mixture was heated at 60°C. for about 45 minutes and the

20 poly(caprolactone) diol (527 g, 1.0 mole) (about 530 molecular -
weight) added to the reactor over about 3 hours. No exotherm was
observed. The reaction mixture was cooled and allowed to set
overnight. The reaction mixture was.reheated to 70°C. for 2 hours
and 4 drops of dibutyl tin dilaurate were added to aid the reaction.

25 Heating was continued for an addifional 4 hours 15 minutes. The
reaction product was then drained from the reactor. The product was -
a 70 weight percent solution'of'éliphatic urethane derived from the
poly(caprolactone) diol in diethylene glycol bis(allyl carbonate).

The reaction product was straw colored and had a Yellowness .

30 Index (through 5 cm) of 14.23, The aliphatic portion of the product
was calculated to comprise about 25.0 mole percent
bis(allyl-terminated)-, 50.0 mole percent
monoallyl/monomethacrylyl-terminated-, and 25.0 mole percent
-bis(methacrylyl-terminated)-urethanes based on the poly(caprolactone)

REPLACEMENT SHEET

10 OCT 1996

b o - [——




ali phatic diisocyanate i s i sophorone diisocyanate. 5 7. The

pol yneri zabl e conposition of claim2 wherein Ais the residue of a
saturated polyester diol having a nol ecul ar weight of from about 400 to
-about 1000, or a (Jerr]-Cerr] al kane diol. 8. The pol yneri zabl e
sconposition of claim7 wherein the polyester diol is poly(caprolactone)
‘diol, the alkane diol is 10 1,4-butane diel27and the aliphatic diisocyanate
Ads i sophorone di i socyanate. 9. The pol yneri zabl e conposition of claim8
‘wherein Dis the allyl group and D is the acrylyl group

:CH er r] =C( L) - GlioL- O-WhiepediJutefwirth] fyrthherddiehhylene Mpbgén(ellniet hyl. 15

élO The poly | oup
and D is the”%ﬂpﬁe@g?&%@ w%@.g?l S%L@ém 4 %Eﬂ[ eq‘rrrgi:lllaﬁt [gﬁ Ity%/\}lig’%el n

'L is hydrogen ‘e PH@“CTH@deIVr‘PQF%’Z%BI Blacorpos pti BCof O [BFF5n 3

‘wherein Dis t&Hi‘xthé:bHesgéﬁJl&, Ydllowhiedd @ndéil YtidoughO!Rem) of 4.58.
‘CHerr]=C(L)-C(O-OCHerr]-CHerr]-, 20 wherein L is hydrogen or nethyl,
‘t he ponesteP diol is poly(caprolactone) diol and the al kane diol is -
1, 4-butane diol. 12. The pol yneri zabl e EXsMREH 6i on of claim 2 wherein the

A polyol(allyl carbonate) polymerizable composition
comprising about 99.7 weight perceﬁt of the diluted product of
Example 1 and about 0.3 weight percent diethyl pyrocdrbonate was

10 prepared by adding the pyrocarbonate to the diluted product. This
~ composition was initiated with 2.70 phm of diisopropyl
peroxydicarbonate and cast into 6 x 6 x 0.25 inch (15 x 15 x 0.6 cm)
sheets using a mold prepared from two flat -glass plates separated by
a gasket. The polymerizable composition was cured anaerobically by
15 heating the composition slowly from about 44°C. to 105°C. over 17
hours. The cured sheet had a 15 second Barcol hardness of 13 (as
measured 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
a Spectrogard® II Color System Speétrophotometer; 97.1, 0.0 and 0.4
20 respectively. These values show that the casting was nearly
colorless. The percent light transmission of the casting,'(Y) was

92.6 percent.

Example 7

25 A polyol(allyl carbonate) polymerizable composition comprising
about 83.0 weight percent diethylene glycol bis (allyl carbonate),
14.5 weight percent of bis(allyl-terminated) aliphatic urethane
prebared-from poly(caprolactone) diol having a molecular weight of
about 530 and isophorone diisocyanate, 2.2 weight percent of

30 bis(allyl-terminated) aliphatic urethane prepared from 1,4-butane
diol and isophorone diisocyanate, and 0.30 weight percent diethyl
pyrocarbonate was prepared. This monomer composition was initiated
with 2.70 phm of diisopropyl peroxydicarbonate (IPP), and the
composition of Example 6, which was also initiated with 2.70 phm IPP,

35 were each used to produce five 2-base 11 milllmeter edge thick
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. mxture of aliphatic urethanes conprises a m xture of urethanes

‘representabl e by the expressions, 25 (1) DB-A'-B-D, (2) DB-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 aderr]-Cerr] alkane diol. 13. The polynerizabl e conposition of claim
12 wherein the polyester diol is poly(caprolactone) diol having a nol ecul ar
~ wei ght of from about 400 to about 1000, ang the al kane diol is 1,4-butane
- 35 diol. - 33 - 14. The pol ymeri zabl e conposition of claim 13 wherein D
is the allyl group and D is the acrylyl group,

semi-finished lens blanks in a 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 before being |
removed. The lens blanks were then demolded at 40-50°C. Two of the
5 lenses cast using the monomer composition described in this Example 7
pre-released, i.e., the casting had released from/the mold sometime
during the curing cycle and prior to demolding. Pré—release results
in a permanent defect in the surface of the lens which cannot be
repaired. Such pre-released lenses must be discarded. In contrast,
10 none of the lenses prepared using the monomer composition of Example
6 pre-released. TIwo lenses from each monomer composition were
imbibed with a photochromic dye and all showed good photochromic
activity under ultraviolet light. '

15 Example 8
A polymerizable monomer composition comprising the diluted
product of Example 2 and 0.3 weight percent diethyl pyrocarbonate ﬁas
prepared. This composition was initiated with 2.60 phm of
diisopropyl'peroxydicarbonate and used to prepare ten 2-basge 11
20 millimeter edge thick semi-finished lens blanks by the casting
procedure described in Example 7. .ane'of the lens blanks prepared

from this monomer composition pre-released. "

Example 9 _
25 The monomer composition of Example 8 was initiated with 2.70

phm diisopropyl peroxydicarbonate and 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 were 97.1, -0.1 and

30 0.5 respectively. The percent traﬁsmission (Y) was 92.6 percent.

The foregoing color values show that the casting was nearly colorless. -

EXAMPLE 10 |
A polyol(allyl carbonate) composition was prepared from a
35 mixture of 20 weight percent of Uvithane® 893 urethane diacrylate,
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CHerr{=C(L)-C(O-OCHerr]-CHerr]-, wherein L is hydrogen of RetiagEMEND. SHEET
‘The polynerizabl e conposition of cl al m 14 wherein the 5 aliph#t
-di-i socyanate is isophorone diii socyanate. 16. The pol yneri zabl é

. of claim2 wherein the mxture of aliphatic urethanes conprisgs a%i tg&%
- of urethanes representable by the expressions, i0 L)
D-B-A-B-D, (2) DB-A-B-D, and (3) D -B- 4y- -B-D wherein A ils a pol yester
= diol. 15 : 17. The pol ynerizabl e conposition of claim reTeT —
~the polyester diol is poly(caprolactone) diol having a nolecul ar weight of

" from about 4009i9 wabghtt paf&mt dBethyhenepglyerds bisfalldyl capbwiatedrangf Ocl ai m 17

" wh D th | Y,
S S bk A o i
The pol yneri z&mféa&eﬁp&*’ht?(ﬁ pm JPRjand1 gasthdnts r?‘Pﬂ%e éﬂlfbﬂé gter edge

~dii socyanat e ifidiS3aRRFAResKEd Sam BIAIR. udlhy THE saRb YiREI GAtteeaOMPOSI ti on

- of claim2 wherein the
3 5 described in Example 7. Three of these lenses and three lenses from

Examﬁle 8 were imbibed simuitaneously with an identical photochromic
dye material using a thermal transfer method. The lenses were
measured for photochromic response at 72°F, (22‘03) and 95°F.
(35°C.), which data is tabulated in Table I.

10
TABLE I
72°F, (22°C.)
Lens {# Net Abs.le | ' Aop?-
Example Lens at 346 nm 0.5 min 2 min + 10 min
15 10 - 1 2.00 0.066 0.172 0.303
10 - 2 2.00 0.068 0.177 . 0.318
10 - 3 2.06 0.068 0.178 0.318
8-1  1.99 0.088 0.225 0.384
20 8 -2 2.01 0.085 0.218 0.369
8-3 - 2.02 ~0.088  0.225 0.381
_ . 95°F, (35°C.)
10 - 1 ' © 0.058 0.095 0.115
25 10 - 2 © 0.057 0.095 0.111
10 - 3 ~ 0.058 0.098 0.119
8 -1 | 0.073 0.115 0.133
8 -2 ~ 0.070 0.115 0.131

30 8-3 0.071 0.115 0.133

1. Net absorbance: ‘
2. The change in Optical Density [Log (100/% Transmittance)l,
i.e., the change equal to the activated (or partially
activated) OD of the lens minus the OD of the unactivated
35 lens. Activated OD is measured after illumination with a
' 200 watt Xenon ultraviolet light for 0.5, 2 and 10 minutes.



. conposition contains fromabout 0.1 to about 0.5 wei ght percent, 25 based
‘on the weight of the copol ynerizable bl end, of dialkyl pyrocar bonat e
répresentable by the formula, R'-O-C(O-0-C(O-0OR', wherein R'" is sel ected
fromthe group consisting of Cferr]-Cferr] alkyl and C[err]-Cferr] :
cycloal kyl. 21. The polynerizable conposition of claim20 wherein the 30

di al kyl pyrocarbonate is diethyl pyrocarbgpate. 22. The pol ynmerizable
conposi tion of claim 12 wherein the conposition contains fromabout 0.1 to
about 0.5 wej ght percent, based on the weight of the copol ynerizable bl end
of di al kyl pyrocarbonate represent able by the formla,

-O0C(O-0CO-0 S cied fromthe u nS|st|ng
of g gri g gri al E‘We rﬂb? geslrh rg %SI% {enses co'%ﬂgneodzgg “rhe
pol yreri zabl éh%éﬁﬁasﬁmi%h off meaachrmcv\m enaheztihé elll:!nlekhjét Bhsaxbanberstt e i s

diethyl pyroggs haneheéters being about the same, i.e., about 2.00. (Net
5 absorbance being the difference between the ultraviolet light
absorbance at 346 nm of the photochromic-containing lens minus the
ultraviolet light absorbance at 346 nm of the original cast lens.)
The data of Table I show also that the lenses of Example 8,
i.e., lenses prepared from polyol(allyl carbonate) compositions of
10 the present invention have an improved photochromic responsge over the
-lenses of Example 10 - as illusﬁrated by the higher AOD values - at
each temperature and for each degree of activation.
. Although the pxesent-invention has been described with’
reference to the specific details of particular embodiments thereof,
15 it is not intended that such details be regarded as limitations upon
the scope of the invention except insofar es to and to the extent
that they are included in the accompanying claims.
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:24: .The pol yneri zabl e conposition of claim16 wherein the
‘tontai hs fromabout 0.1 to about 0.5 weight percent, 5 base mm@“@"ﬂ! JII
-of -t he copol yneri zabl e bl end, of dial kyl pyrocarbonate representa

formula, R-OC(O-0C(O-0OR', wherein R'" is selected fromthe group
Jconsisting of CJerr]-Cferr] alkyl and (Jerr]-Clerr] cycloal kyl. 25. The

‘pol yrmeri zabl e conposition of claim24 where3h-the 10 dial kyl pyrocarbonate
is diethyl pyrocarbonate. 26. A solid organic resin prepared by

‘pol yneri zing the conposition of claim2. 27. The solid organic resin of .

‘cl ai m 26 whi cHilatnisiclaimeddst ochroni ¢ anobunt of an organi c photochromic’
‘subst ance sel ected 15 fromthe group consisting of

Lsplro(|ndollno)naphthoxa2|nes spi.ro(i ndol i no) pyri dohenzoxazi nes,
-spi ro(i ndol i no) benzoxdzi nds POLHRSESEF NGO PTERL B TPIBRST tine, comprising a

spi rogijndo! [ no?qpam)ﬁm;agsﬁgmlembmrenes dal ). . _
spi ro(benzi ndol i no) pyri dobgnrzox nzin i no napht hoxazi nes,
: (8 paohfayt Ga-pagg, |

'spi ro(benzi ndol i no) napht ho PZOT: 20 ful gi des,
~ful gi mides, spiro(di)hydr ofbidoffom st &%d:mmm:r é@ wﬂsbumrm e&ht oni c

‘'subst ances. mixture of aliphatic urethanes, the terminal portions of which
contain a functional group selected from the group consisting of
allyl and acrylyl groups, said'mixture of aliphatic urethanes being

10 representable by at least two of the expressidns,

(1) . D-B-A-B-D,
(2) D-B-A-B-D' and
(3) D'-B-A-B-D'’

15 | , |

| wherein D represents the terminal portion containing the allyl group,

D' represents the terminal portion éontaining the acrylyl group, B

represents an aliphatic bis cafbamic moiety representable by the

foimula, —06(0)-NH(E)NE¥C(O)-04, wherein E is the aliphatic residue

20 of an aliphatic diisocyanate, and A in each aliphatic urethane
present in the mixture of aliphatic urethanes represents the residue
of a saturated aliphatic diol selected from the group consisting of
Cy,—Cq alkane diols, diethylene glycol, polyester diol, polyether diol
or polycarbonate diol, the mole ratio of said allyl groups to acrylyl

25 groups in the'aliphatic.urethanes present in the mixture being from
about 15:1 to about 1l:1.

2. The polymerizable composition of claim 1 wherein the
polyol(allyl carbonate) is diethylene glycol bis(allyl carbonate) and
the mixture of aliphatic urethanes is present in amounts of from

30 about 10 to about 30 weight percent.

' 3. The polymerizable composition of claim 1 wherein A is
the residue of a saturated polyester diol, héving a molecular weight
of from about 400 to about 1000, or C9~C alkane diol.

4, The polymerizable composition of claim 3 wherein the

35 polyester diol is poly(caprolactone) diol.
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.28. The solid organic resin of claim27, wherein the photochrqry
s selected fromthe group consisting of spiro(indolino)napht qmmﬂmi“ﬂmmml‘
-spicro(i ndol i no) pyri dobenzoxazi nes, 25 spiro(indolino)benzoxazines,c L ® s *
-chronmenes and m xtures of such photochrom c substances. 29. A solid organic
.resin prepared by polynerizing the conposition of claim12. 30. A solid

organi ¢ resin prepared by polynerizing the 320-conposition of claim16.

5. The polymerizable composition of claim 3 wherein the
alkane diol is 1,4-butane diol.

6. The polymerizaﬁle éompoéition of claim 1 wherein the
aliphatic diisocyénate is isophorone diisocyanate.

5 7. The polymerizable composition of claim 2 wherein A is
the residue of a saturated polyester diol having a molecular weight '
of from about 400 to about 1000, or a Cy—Cg alkane diol.

8. The polymerizable composition of claim 7 wherein the
polyester diol is pbly(caproléctone) diol, the alkane diol is

10 1,4-butane diol, and the aliphatic diisocyanate is isophorone
diisocyanate. .

9. The polymerizable composition of claim 8 wherein D is
the allyl group and D' is the acrylyllgroup, | S
CH,=C(L)-C(0)-0-CH,-CHy~, wherein L is hydrogen or methyl.

15 10. The polymerizable composition of'claim 1 wherein D is
the allyl group and D' is the aéxylyl group, '
CHy=C(L)-C(0)~0-CHy—CHy~, wherein L is hydrogen or methyl.

11. The polymerizable composition of claim 3 wherein D is
 the allyl gfoup, D' is the écrylyl group, CH,=C(L)-C(0)-0~CH,~CHy~,

20 wherein L is hydrogen or methyl, the polyester diol is
poly(caprolactone)'diol and the alkane diol is 1l,4-butane diol.

12. The polymerizable composition of claim 2 wherein the
mixture of aliphatic urethanes comprises a mixture of urethanes

representable 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 a Cy-Cg alkﬁne diol.

13. The polymerizable composition of claim 12 wherein the
polyester diol is pbly(caprqlactone) diol having a molecular weight
of from about 400 to about 1000, and the alkane diol is 1,4-butdne

35 diol. '
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_ 14, The polymerizable composition of claim 13 wherein D is
the allyl group and D' is the acfylyl group,
CH2=G(L)-C(O)—O-CHZ-CHZ-, wherein L is hydrogen or methyl. '

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

16. The polymerizable composition of claim 2 wherein the
mixture of aliphatic urethanes comprises a mixture of urethanes

representable by the expressions,

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

wherein A' is a polyester diol.

17. The polymerizable composition of claim 16 wherein the
polyester diol is poly(caprolactone) diol having a molecular weight
of from about 400 to about 1000.

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

19. The polymerizable composition of claim 18 wherein the
aliphatic diisocyanate is isophorone diisocyanate.

-20. The polymerizable composition of claim 2 wherein the
composition contains from about 0.1 to about 0.5 weight percent,
based on the weight of the copolymerizable 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 Cy-Cyo alkyl and
Cg—C10 cycloalkyl.

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

22. fhe ﬁolymerizable composition of claim 12 wherein the
composition contains from about 0.1 to about 0.5 weight percent,
based on the weight of the copolymeriZabie 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 C;-C;, alkyl and

Cg-C1p cycloalkyl.
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23, The polymerizable composition of claim 22 wherein the
dialkyl pyrocarbonate is diethyllpyrocarbonate.

24, The polymerizable composition of claim 16 wherein the_
composition contains from about 0.1 to about 0.5 weight percent,
based on the weight of the copolymerizable blend, of dialkyl
pyrocarbonate representable by the formula, R"-0-C(0)-0-C(0)-0-R",
vherein R" is selected from the group consisting of Cy-C;, alkyl and
Cg~C10 cycloalkyl.

25, The polymerizable composition of claim 24 wherein the
dialkyl pyrocarbonate is diethyl pyrocarbonate.

26. A solid organic resin prepared by polymerizing the
composition of claim 2.

27. The solid organic resin of claim 26 which contains a
photochromic amount of an organic photochromic substance selected
from the group consisting of spiro(indolino)naphthoxazines,
spiro( indolino) pyridobenzoxé.z ines, spiro(indolino)benzoxazines,
spiro(indolino)benzopyrans, spiro ( indolino )naphthopjrrans , chromenes,
spiro(benzindolino)pyridobenzoxazines, spiro(benzindolinn)—
naphthoxazines, spiro(benzindolino)naphthopyrans, metal dithizonatés,
fulgides, fulgimides, spiro(di)hydroindolizines, and mixtures of such
photochromic substances.

28. The solid organic resin of claim 27, wherein the

. photochromic substance is selected from the group consisting of

spiro(indolino)naphthoxazines, spiro(indolino)pyridobenzoxazines,
spiro(indolino)benzoxazines, chromenes and mixtures of such
photochromic substances. |

29. A solid organic resin prepared by polymerizing the
composit1on of claim 12.

30. A solid organic resin prepared by polymerizing the
composition of claim 16. ' :
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ABSTRACT OF THE DISCLOSURE

POLYMERIZABLE ORGANIC RESIN COMPOSITIONS
AND ARTICLES PREPARED THEREFROM

Describes organic resin compositions of from about 30 to 90

weight percent of a polyol(allyl carbonate), e.g., diethylene glycol

5 bis(allyl carbonate), and from about 10 to 70, e.g., 10 to 30, weight
. percent of a mixture of aliphatic urethanes, the terminal portions of
which contain allyl or acrylyl functional-groups. Pol&merizable
compositions prepared from such compositions proddce castings which
have low yellowness (b*) values and which do not pre-release from the

10 molds in which they are formed. Polymerizates prepared from such
compogsitions may be used to prepare photochromic articles, e.g.,
lenses, by incorporating a photochromic substance, e.g., by thermal
transfer, into the polymerizate.-
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