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transparencies. It has been observed that tinting of
polymerizates prepared from such compositions by surface
impregnation of dyes can, in certain instances, result in an
uneven tinting of the surface. Such uneven tinting is
referred to as tinting failure.

When tinting failure occurs, it is often manifested as
visually observable defects on the tinted surface(s) of the
polymerizate, which are commonly referred to as “ferns” or
“moons.” In the case of tinted ophthalmic lenses, such as
tinted ophthalmic lenses having a positive diopter, i.e., plus
lenses, and non-corrective lenses, e.g., sunglasses, such
tinting failure often results in rejection and scrapping of

" the tinted lens. A solution to tinting failure is desirable
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moons. In accordance with the present invention there is
provided a polymerizable composition comprising:
(a) a major amount of a radically polymerizable
20 first monomer represented by the following general formula I,
I
R-[-0-C(0) ~0-R;1:
wherein R is a polyvalent residue of a polyol having at least
two hydroxy groups, R; is an allyl or substituted allyl group,
25 and i is a whole number from 2 to 4; and
(b) a minor amount of a radically polymerizable
second monomer represented by the following general formula
II,
IT

0
RZ—PN—IClZ—O—R3]
Ill 3

30
wherein R, is a polyvalent linking group that is free of

urethane linkages; R; is a residue of a material having a

single hydroxy group and at least one allyl group, R; being
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one allyl group, R3 being WO 2004/ 063236
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acryl oyl groups and methacryloyl groups; and j is a
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BRIEF DESCRIPTION OF THE DRAWING
Figure 1 is a representation of a negative image of a

tinted lens having tinting defects.

DETAILED DESCRIPTION OF THE INVENTION

In an embodiment of the present invention, the second
monomer described with reference to general formula IT isg
present in the polymerizable compositions in an amount at
least sufficient such that polymerizates prepared from such
compositions are substantially free of tinting defects. As
used herein and in the claims, the term “tinting defects” and
gimilar terms refer generally to a visually observable uneven
distribution of dye over the surface of a tinted polymerizate,
such as a tinted lens. More particularly, tinting defects are
often visually observable as lighter colored or untinted

surface patterns, sometimes in the form of ferns or moons.
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the surface of a tinted polynerizate, such as a
tinted lens. Mrre particularly, tinting defects are
often visually observable as.ljghter colored or
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d% %ﬁ?hngg g%@pared. Optionally, a set of comparative
polymerizates may also be prepared under similar conditioms,
e.g., using the same cure cycle, from a composition that is
known to result in tinting defects. The specific number of
polymerizates that must be prepared is often determined by
trial and error. In the case of ophthalmic lenses, typically
between 10 and 100 lenses are prepared to determine if they
are substantially free of tinting defects. Such a
determination is described in further detail in the Examples
herein. Typically, a set of polymerizates, e.g., 100
ophthalmic plus lenses, prepared from a polymerizable
composition according to the present inention, is considered
to be substantially free of tinting defects if 10 percent or

less, preferably 5 percent or less, and more preferably 0
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defects. Such a determnation is described in further
detail in the Exanples herein. Typically, a set of
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prepared froma polynerlzable composi tion accordlng
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pol yur et hanes havi ng t'erni nal allyl functional groups
aSYRSELF I in, for exanple, United States

With reference to general formula II, second monomer (b)

is distinguishable from polyurethanes having terminal allyl
functional groups as described in, for example, United States
Patent No.'s 4,994,208, 5,084,529, 5,110,881, 5,221,721,
5,236,978 and 5,246,630. In general formula II, R, and R; are
each free of urethane linkages, more particularly, R, and R;
are each free of internal urethane linkages. As used herein
and in the claims, the term "urethane linkage" is meant to
refer to the following structural linkage, -N(H)-C(0)-0-. In
the case when R, is a residue of a polyisocyanate, second
monomer (b) can be described as a polyisocyanate that is
capped with the mono-hydroxy functional material of which R; is
a residue.

Depending on the method by which second monomer (b) is

prepared, R, may be a residue of, for example, a
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| i nkages, nore particularly, R2 and R3 are each free
of internal urethane |inkages. As used herein and in
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bondéed ditectly to the aronmatic
polyisocyanates wherein the isocyanate groups are bonded
directly to the aromatic ring, e.g., benzene diisocyanate.

Examples of aromatic polyisocyanates having isocyanate

groups bonded directly to the aromatic ring, of which R, may be
a residue include, but are not limited to, phenylene
diisocyanate, ethylphenylene diisocyanate, isopropylphenylene
diisocyanate, dimethylphenylene diisocyanate, diethylphenylene
diisocyanate, diisopropylphenylene diisocyanate,
trimethylbenzene triisocyanate, benzene triisocyanate,
naphthalene diisocyanate, methylnaphthalene diisocyanate,
biphenyl diisocyanate, ortho-tolidine diisocyanate, 4,4°'-
diphenylmethane diisocyanate, bis(3-methyl-4-
isocyanatophenyl)methane, bis (isocyanatophenyl)ethylene, 3,3’-

dimethoxy-biphenyl-4,4’-diisocyanate, triphenylmethane
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1n3ybb6(éeléﬁh§¢aﬁﬁb@ lEgrekhyhpl dy |l dtheranediisocyanate,

D SRSERIRE LA IET g ene aisocyante,
bmecasetly@meodenhngqumenyctmé@ylene diisocyanate,
bh%&hﬁ@éﬂfﬁéﬂé°%&9¥&éfﬁﬂéEQ abez fﬁ%ﬁéﬁﬁ&@g@ntane diisocyanate,
triisocyanate and (i socyanat omét furan.

Al ghar ¥9WﬁH§V1§8§?%%éFé§°6YaVWﬁ?ﬁ1q%EaWﬁ ¥%§9¥ resi due

diisocyanate, 2,4,4,-trimethylhexamethylene diisocyanate,

1,6,11-undecanetriisocyanate, 1,3,6-hexamethylene
triisocyanate, 1,8-diisocyanato-4- (isocyanatomethyl)octane,
2,5,7-trimethyl-1,8-dilsocyanato-5- (isocyanatomethyl)octane,
bis (isocyanatoethyl) -carbonate, bis(isocyanatoethyl)ether, 2-
isocyanatopropyl-2, 6-diisocyanatohexanoate, lysinediisocyanate
methyl ester and lysinetriisocyanate methyl ester.

In an embodiment of the present invention, R; of general
formula II is a residue of a cycloaliphatic polyisocyanate.
Examples of cycloaliphatic polyisocyanates of which R, may be a
residue include, but are not limited to, isophorone
diisocyanate, cyclohexane diisocyanate, methylcyclohexane

diisocyanate, bis(isocyanatomethyl)cyclohexane,



may be selected from for exanple, ethylene
di i socyanate, 20 trinethylene diisocyanate,
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di i socyanate, octanethyl ene diisocyanate,
nonanet hyl ene dii socyanate, 2,2'-dinethyl pentane
di i socyanate, 2,2,4-trinethyl fexane diisocyanate,
decanethylene di i socyanat e,
b&s‘hs&%} Lyggéﬁé@lhwe%ﬁgng' 'ﬁl%c(ﬁ rEB@E/‘Qnat?é:yc1ohexyl) -
1, 6, 11- undecanefr | i socyanat e : exanet | ene
“2,,,235%9% eblS 1socyanatocyclohexy1) ethane, 2-
Z,lgodyaﬁa@&mh ltycll ';“«8(3d Smaa&eeiewwl) OCSLQBSG:yanatoEnelt;nyl—
5, 7-1rimet - [ anMO yanat onet hyl ) o
crahee O LA ot e chy P S L B e (1
biisbrganyaomtopelhy b} stdmmnaone siocl-anatopo 6pyld -12,-heptane,
6 el noat£, I nat _
HESQ% ﬁz"c%‘gn%ﬁgﬁ‘ vaf £ 1so¥:?fhﬂgt%%rsci%%§l nat %f%éﬁ%tt'a}ﬁlethyl

rrrsocyanate net
eﬂ?bGMPh@h% %ﬂ]rhép‘pm%er?t—1sﬁvrémafzmnetmlo$ Gener al

f Qb 8nd dodr>p1h eétﬁé&}@&aaoﬁa@ﬂlﬂalm@?é&b@z 2.1] -heptane,

pal yi socyanat €. nP es of c cloallp atic
p8l§?§6%@%ﬁﬁﬁm§§h8F h %ﬂ+sﬁfyﬁﬁ§tTﬁ¥9?Y P& §ie i ncl ude,
bukoayendttdednym) tBilcEdl,o nzscphmmes;eca’iﬁ: dit sesysaaiaitemethyl -2 -

| ohexane .di i soc t .net hyl ¢
A A M B E 0 G BB SR B eveto (2,213 -
2000L 8638 2881 RCTAUSPOD3/REHEB-2- ($}lsocyanatOPrOpy1) -6-(2-
b'1§gb§9ﬁé/@c§?cth%ygb9gfe(]}6 [g2rr§t Iﬂg[‘l@eptane In a preferred

g1§3|socyanatoc cl ohexyl propane,
bi® P@Eﬁﬁ?ﬁhéﬁbéé@l%ﬁ@ﬁ@ﬂ%-lfvin%&?ﬁanéh 78 a residue of a

| %geyamémtdmhlsoé&ﬂa&@c}éam@w&i i), - Bot S@eyat one

)éophgzlccg: cl QE.socya1]1ate%ptc%g?bhexégeo%?gggggr% hey I-3-(3

|setyaheymmﬂmpyhk-611snn¢mnaEOnethyI-b|cyclo[2.2.1]-he
ptbgg?iso anat mﬁt][qylz c(y§lohexane

2- |socya at omet I socyanat opr opyl ) - 5-i socyanat o
n@gﬁynso@r@Wogyglghq;}ymgptgﬁ@e, bis (isocyanatocyclohexyl) -

2, §0§J¥ QML BY L sdokadtatocyclohexyl) -1, 2-ethane, and
|soc na opropyl) 6- i'socyanpat onet hy I-b|c ycl g[.2.2.1] - he

pf“é?’r ure% theg&Pinat Bt Ryl 13-% §eis§88§a%t"’o&léﬁ§?f:¥a%at(ez such

1@sl soeyenatlaghhyf ¢ - dlllcs)dbh/ébaté 4 dfeptaseal formula II is
i socyanat oret hyl -

(§ |socyanatopropyl) 5- (2-isocyanat oet hyl ) -bi cycl o[ 2. 2
1] - h@paaaesa:pﬁjpolyamines of which R, may be a residue,

lhéménaatmwx' ngy(a%u'n%gCyQﬂ\%k% @p¥51¥§ﬁi(r?e's,

i Socyanat oet hyl') - bi cycl of 2 1] -"hept ane
pCEFePR EPhadHsoBP ML TSTS / tﬁéc%rQ%ﬁﬁHS PRvEPRF o FWORRT fBaTY

a afgfb sy enref n@xiﬁréyeiwﬂe@hat | €= did x@6WANGS EIRel-Rel edd

fg%ggsggf pg&ylsocyanates are typically prepared from the
corresponding polyamine precursors having two or more primary
amine groups. Accordingly, specific examples of polyamines
within these recited classes include, but are not limited to,
polyamine precursors corresponding to those polyisocyanates as
recited previously herein.

With further reference to general formula II, R; is a

residue of a material having a single hydroxy group and one or

more allyl groups. The mono-hydroxy functional material of



i sophorone diisocyanate, cycl ohexane dii socyanate,
nmet hyl cycl ohexane dii socyanate,

whe@gioexasy anat onet hyl ) cycl ohexane, PCT/US2003/039923
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bi s(i socyanat ocycl ohexyl ) net hane,

bi s(i socyanat ocycl ohexyl) 20 2, 2- propane,

bi s(i socyanatocycl ohexyl)-1, 2-gthane, and m xtures
thereof. When R2 is a residue of a diisocyanate, such

asﬂrﬁcayﬁl q%l Lphakigudlisiss eeyanat eacﬂylgﬁ,lg%&x@ afnar nul a
asses of polyam_nes of

ré%qtaaéifyl%l FErREe WMo mdive BEPYTIdYe Se awarﬁ.ﬂhseltuted

PQlgm gesup cxyel eabsphaitie<a pohyangnas, eachehvaddigeat by
[ nm xtures thereof. As is

| tt
ke ; fPﬁ??ﬁi§35@|%F@ﬁT1€hﬁq%£§n Thol yi socyanat es are

typically prepared fromthe mmrresponding pol yanm ne

precursors having two orlpgrg:@rlgﬁ[y 30 am ne groups.

Accordi ngly, specific exa Ies % yamnes wthin
t hdwareincRs éd Bydeessi hef oden tha §n etcndh 2R egorn,

p@«id&%”\:?ﬁl@ilqcﬁzurﬁﬁ)rﬁs R85 R NEH G oh@eoseEL v general formula
p&pﬁlsocyanates as recited previousl'y herein.

h&FPF &1Lt En £85 BRGRIFAN P r R dl 197 OUR3 ?2§*§H3§H2

I efir@UuepediBidaaler, i she heMivilg gBoGp NGt aHay droxyigl AMaPing a

an d ane re aIIyI roups. ., The, nono- hydr ox

f Gnc EonQYdroﬁ?éﬁ ar®ouf® §h§%ﬁ§§4?bé§?§6res ues ﬁéy be an allyl
PEENES2083/03%928arBonglte oy R #tlyl restieduerep f r daeof
aGioYh) UOUPS AN, JEPLNACLYLQYlcy30UPSy HHIE oAl hibat one

group be an unsubstituted all yl group or a
sﬁﬂéwﬂtalwa@noyp group, as represented by the

fol | owThg &aﬂ@r@dxf&@whacudnaﬁmbtérlériz%icwhﬁeé}l RS a

OO CROF B PEAPPEE T SRT G AR b SUmHET o

ged@babléordndL@alhphatanai;ehbsstrppmydsuksnémengiycols),
éla%}h gLouR #29‘9&% 1%:2 %/Pé SReQ Bfﬂ.@:uﬁaYt otn@e

grouﬁ3 Re naterlgl %F sin dr ox

gﬂﬂﬁﬂ?eoﬁf Ve lRS ¢85 %¥Qm§§ﬂdu@1C¢haﬂab@aahng1a%uleast one

ethak1 gho@ livl1686PORA &:Qr 8P Alhied®RbOr a 0Py Fhéno1,
e.g., 4-allyloxy phenol, allyloxybenzyl alcohol, e.g., 4-
allyloxybenzyl alcohol, and 4-allyl-2,6-dimethoxyphenol.
Cycloaliphatic alcohols having at least one allyl group of
which R; may be a residue include, for example, allyloxymethyl
cyclohexylmethanols, e.g., 4-allyloxymethyl
cyclohexylmethanol.

Examples of aliphatic alcochols havingAat least one allyl
group, of which R; may be a residue include, but are not
limited to, allyl alcohol, substituted allyl alcoholsg, e.g.,
methallyl alcohol, allyl ethers of alkylene glycols, e.g., C,-
C, alkylene glycols, such as, ethylene glycol allyl ether and
1,2- or 1,3-propylene glycol allyl ether. A preferred class
of aliphatic alcoholsg, of which R; may be a residue, are
poly(allyl ethers) of aliphatic polyols, e.g., trimethylol
propane di(allyl ether), trimethylol ethane di(allyl ether),



material of which R3 is a residue typically has at
| east one allyl ether group. 15 The nono- hydr oxy
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selected fromaromati c al cohols, aliphatic alcohols,
cycl oal i phatic al cohols, poly(alkylene glycols), each
having at |east one allyl group, _and conbi nations
thereof Exanpl es of aronmatic al cohols having at | east

ntggerﬂﬂQtdir99@(&1&&1“@%he?rt éﬁ&adﬂﬂhrhhglﬂ§ibﬂﬂ%opane
aII onyﬁg enol e.g., 4-allyloxy phenol,

altH(BkiperAe Al cohol . e.g., 4- allyl oxybenzyl

al C0h0|P,01§erl}€yPéﬂé/|g1§rc61§U repg RexyRhRN@lay be a residue
Cyclgallp |c aIc hol s havi

ng at |east_one
grape S oy St e Pl Hinck deroraieric. e.q.,
emmbek ald y:lmioynek hydp25ymey ¢ £ o heendy Inmﬁbanobpolwe@;lp

Rl VTR By oBYS| O on BB D8NP, BB 88n0la1ycols) ,

ofhaxmneha F@I}%F bélyl redifuerPue| antk 2 IBINI4E ehyfoxy group.
| 'E@aﬁﬁﬂeé Bbf @o'l l¢ a@k\‘]}m g1$6bs} '.J.Mﬁd e@hEﬂ; &4 m%hSR3 may

30 net aI cohol’, "allyl ethers_of alky

glli?cél gesidyp ingudey @’Tqﬂxéﬁ@l@l )RinYs(etQM?:ﬁn%ﬁlyc"l) allyl
eteltyﬂeenep@]lwqolz -pkbyi1@ideivast) d113- ethdr3-psiopyl ene
gl al | her pr ferred C of a tic
aF%%Ho?s %%yc |cﬁ1%é? Et %g%glengr i%%?@(ngyl
etpledys), zﬁpnﬂnw&haE|glxmﬁ%mﬂaélyé gthen,r prdy kYl Dipro@ylene
pr. 4 t n ifal by

9%%8?)%@084/ SREIEES oD AL, sEbRRN o A Dt burylene
péﬂﬂ’ﬁ@?‘ Yiprmaly (e vt eme ﬁlYépﬁérﬁllié‘n @ther, poly(ethylene

dlgl%bHFIMdllyﬂllQQaB@tyIdﬂe( ahlybiethar). eE’@érb'(aﬁid<y| ene

JRLiS el 0a?) IS @, LSR8 Lo%ery 2
dmmk9¢kHQMGﬂﬂwﬂbbbhkrcopolynerlc and random

copol ymRLi cql p o
al kyl e@ g yP%‘%)@li%l n &aﬁs%rllg saétfhg%lyé%d% y be
amd rassivwryhaviey gF oi@aij? @glkymmté@roﬂnpm y( éid&y Ieéﬁ@Ple,

glaveehy1ald sgly%bhleaﬁmf Mreehn£3 Ry (oheednyrsidiuener
i ncl.ude, , for exa ogﬁéethylene glycol) allyl 10
etuF?éFS'p’oiey(lHZC ehdFe@y = df iy TePheplly, the
PRy {/1alkylene glycol) allyl ether has less than 100 alkylene

ether units, e.g., less than 50, less than 20 or less than 15
alkylene ether units. The poly(alkylene glycol) allyl ether
may have a number of alkylene ether units ranging between any
combination of these values, inclusive of the recited wvalues,
e.g., from 2 to 100, 2 to 50, 2 to 20 or 2 to 15 alkylene
ether units.

In an embodiment of the present invention, the material
of which R; is a residue 1s selected from a C,-C; alkylene
glycol allyl ether, a poly(C,-C, alkylene glycol) allyl ether,
trimethylol propane di(allyl ether), trimethylol ethane
di(allyl ether), pentaerythritol tri(allyl ether), di-
trimethylolpropane tri(allyl ether) and mixtures thereof. 1In
a preferred embodiment of the present invention, the material

of which R; is a residue is selected from poly(ethylene glycol)



butyl ene glycol) allyl ether, poly(ethylene glycol)-Db-
pol y(1, 2- propyl ene glycol) allyl ether,

w@eiogd3226 pr opyl ene gl ycol)-b-pol y(ethyl ene gPgrUE3003/039923
allyl ether, poly(1,2-butylene
gl ycol ) - b-pol y(et hyl ene glycol) allyl ether,
poly(ethyl ene 15 glycol)-b-poly(1,2-butylene glycol)
allyl ether and poly(ethylene

gl yeQh) e@hppl ygohy%pao%p%nen@ ggkg]tp Pl ( ét%r and

but yl'ene) et her. Thé poly ene ¢l yco
etHar w6 9%?%%P¢B my be a reS|due have at | east 2

al kyl enﬁlee%etg’méf‘iiﬁléz@kgﬁﬂm&nposaglghe&h)ﬂlr%nﬁresent

gI col ~allyl ether S hyl epe ether Lun ts,
%“ dﬁfﬁéﬁe éiﬁ el faila BYPIMERLPRLLE et st

5 poﬂlq(oaﬂekyhen&g}jx)ubeli) abbdty lwiehheef&asndess ghaardDFormula
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W%Ilgh & ezge %&Egﬁﬁ?ﬁ%ﬁgll@%ﬁs uﬁln]%o y‘o_hggﬁfyf I'!:%rbonate)

ess
pOTIl%IJ(Oa\IeKyI eh@lng@éﬂyl afdsHongther moBomms lhae mandthesed in

of .1l kybebge §:N8eaUBbi sndANGKAL BELYREN osition are allyl
conbi nati on of these val ues, .inclusive of the recited

vfiareenates ot ffroc')"me’zia‘fl%lel'oém.?a? o°5Prapchgdopl rhaicg

10 1palkykene. g et hﬁrlpuatics gﬂyrmoanbea‘o@ptlﬂeraarasn&tt@
pr esent anvent 0Nt he ier i al ? ich is. @
r SSTHTETE Y s B ELOF T BRI 1CoPRAY Ry | ehis Sﬁ?@%é? ©
aldngseathényert iyl pl62- Giclaldey| eheyYlgeodionaaks y¢f aromatic
Etﬂ?ﬁ_ryo ”ér@t hyl gl - @é@@?&b@l@ﬁéﬁe&yﬁh&ﬁeﬂs (ally

trlnethy ol “et’hane ther)’, pentaeryt rltol
trQQEHOP?FeEthéﬁ@esedmon?mﬁqﬁeﬂﬁyléPﬁF%&ﬁuh? fepeaivsa as

15 etlhﬁa}.u@adew pewceebbﬂew@fof bb1pS18, M .&f ergepeols. The
# L resent |nvent|oq? the materi al ofd
N ﬁEe STEEL T B O MTERY Eet Ry IRgRgedures

mwwddlanﬁh2ﬂﬂ4ﬂ@ﬁazsﬁeP@ﬂ/USEOﬂ@é@ﬁﬂﬂﬁsln-Ulﬁ Btleyik s
ether, gg%y;&d Q@gpyifne glycol) allyl ether and

mXturés thereof’. "The pol ynerizabl e organic
conpositd esferen¢r sy gsearal ifmwamileoh, i Rcligdes @allyd agroup,

20 ' 3@1CRl iy P YERIG-2 8B4 8efdi St r8rERAONERY 9@§e9§§ %I%@a III.
above mnt% reference to general formula

DuPLhEl G P SRR GO JI M horfabey i ated at
nuﬂxyreppomw wakhyh wfirdenat apstoisimly thadrirmy oke

%momhﬂe, or an alkyl group containing from 1 or 4, e.g., 1 to
2, carbon atoms, in which case R; is a substituted allyl group.
25 More commonly, and with reference to general formula III, R, is
hydrogen and consequently R, of general formula I is the
unsubgtituted allyl group, H,C=CH-CH,-
With reference to general formula I, R is a polyvalent
residue of a polyol, which can, for example, be an aliphatic
30 or cycloaliphatic polyol, containing 2, 3 or 4 hydroxy groups.
Typically, the polyol contains 2 hydroxy groups, i.e., a
glycol. When the polyol is an aliphatic polyol, it may be
linear or branched and contain from 2 to 10 carbon atoms.
Commonly, the aliphatic polyol is an alkylene glycol having
35 from 2 to 4 carbons atoms, e.g., ethylene glycol, propylene
glycol, trimethylene glycol, tetramethylene glycol, or a



t he af oredescri bed pol yneri zabl e organi c conposition
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bis(allyl carbonate) conpounds, and cycloaliphatic

pol yol s. The scope of the present invention also
includes allyl carbonates of. gromatic polyols, e.g.,
4,4" -i sopropylidenedi phenol bis(allyl carbonate).
Thes (@@”@I}&l‘é@é% wpEher, %egdesﬁléﬁﬁﬂe%% %5}/001

uiisat ur at ed carbonat es of “pol yols,” e.g., dl ycols
TﬁéleEEYyﬁﬁ(alwﬁPlcd?anate) nmonomer may be prepared
by pr ocs@duﬁe;sc éﬁ@!n{leBOM pcmytdlqaanyl &nﬂao;naﬁ&) monomers
giprlbed in § h and, 2 é% 1%
&F cHeh KD WEAe Bl HORFFRAT Dyena s Y a%pare not

Zalmhte@ tﬁn/dmﬁyMes@rgﬂxywlwbuh(2€ﬂhmu&naé1YD @ﬁnhynate)

hsné bi]lyco?[hs gétlmy grcgggow?%f o%q%%ggieﬁﬁg aqxg)cal bis (2-

e Su tut e
m@tthmbahbﬂy celfborar) :ordlﬁltbﬁilﬁ@e Dy ceh bfukyallgrloup

C%ﬁ%ﬁbﬂéi@l f&QﬁE%h§ﬁeﬁ% %gygol ﬂlé(&lﬂ%l @Qfﬁ%ﬂhﬁﬂﬁonﬁropylene

whi ch case a substituted ally rogf
w@.l@ce%n%% 27, etaﬁaamlh PePerahtl tlo 3g€ﬁ@?%‘i‘ #%r&ﬁa (allyl
| chrba4att§) Jhydrogetamsil Aobs e quentl )t:aB]boﬁét@)E‘,ner al

formnul a .z unsu tltut al | Lo

H% gu %’Sgﬁtﬁrom §¥i %Cga to %ﬁﬁw Vag Por?ﬁﬁenﬁ glﬁFOl

i dia (pblyl/adaecﬁvpnat@)sa dlmmthalpm yallycobhbth (T athyfled 1yl
e%%?Bbﬁaté¥3 %%n@ghégﬁ§léﬁe %deélcﬁﬁg %ﬁh&@hégfﬁbﬂg%E¥0|l 4-

containing 2, hydroXy: groups. Typically, the
p@VVéPhWﬁeﬂlﬁé Elﬁwr]és%y group3tel 2@d 4at’ ylycol .
l\/\Fi%aptrbp;rMeyﬁhoméy@Ibmeaabat bes pﬂwzll catb%ﬁaye)be

I near or anc om to 10 carbo
at on. CeRgoL TR Ratbai e Tenanell 5 e
gbpmpbshaunngﬁSBhérpwaéénto14vemtbmnssadmathykaqy glycol

eﬁoq).él ?ff}(ﬁlcya%%lonﬁg%)oraylc%%ﬁler?&é{% ’a%&%% y%%gr%étgs of

et ranet ene or a
P@I/eusgnaaac 239923 bils’Z amly(:%@ﬂatw kynbamee:get yiowiljide CR-39°

e.g., diethylene g%¥col ol riet Iene col, etc

SPREPTEE ST Gorss] THRTTAE - APBOHA Ly R ORER 5(CAS
t hat. 0By-4we 3ysedaieple moasent imwerttes, i ndd.ude, but
are no%.detailed description of polyol(allyl carbonate)

monomers that may be used in the polymerizable organic
compositions of the present invention may be found in U.S.
Patent No. 4,637,698 at column 3, line 33 through column 5,
line 61. That disclosure is hereby incorporated by reference,
and is summarized above.

Ag used in the present description with reference to the
radically polymerizable monomer represented by general formula
I, the term “polyol(allyl carbonate) monomer” and like names,
e.g., diethylene glycol bis(allyl carbonate), is intended to
mean and include the named monomers or prepolymers thereof and
any related monomer or oligomer species contained therein.

The polyol(allyl carbonate) monomer is present in the
polymerizable composition of the present invention in a major

amount, e.g., from 51 percent by weight to 99.9 percent by



5limted to, ethylene glycol bis.(2-chloroallyl

carbonate), ethylene glycol bis(allyl carbonate),
wale@tlgd2ade gl ycol bis(2- methylallyl carbonatBgT/US2003/039923

di et hyl ene glycol bis(allyl carbonate), triethylene

gl ycol bis(allyl carbonate), propylene glyco

bi s(2-ethylallyl carbonate),_ 1,3-propanediol bis(allyl
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25 Suitable examples of organic peroxy compounds, that may
be used as initiators include: peroxymonocarbonate esters,
such as tertiarybutylperoxy isopropyl carbonate;
peroxydicarbonate esters, such as di(2-ethylhexyl)
peroxydicarbonate, di(secondary butyl) peroxydicarbonate and

30 diisopropylperoxydicarbonate; diacylperoxides, such as 2,4-
dichlorobenzoyl peroxide, isobutyryl peroxide, decanoyl
peroxide, lauroyl peroxide, propionyl peroxide, acetyl
peroxide, benzoyl peroxide, p-chlorobenzoyl peroxide;
peroxyesters such as t-butylperoxy pivalate, t-butylperoxy

35 octylate, and t-butylperoxyisobutyrate; methylethylketone

peroxide, acetylcyclohexane sulfonyl peroxide, and
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percent by weight, 5 preferably at |east 95 percent by
wei ght, and nore preferably at |east 97 percent by
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| BHLEEL o SO Yy LT e ol R e
gstabilizers, ultraviolet light absorbers, mold release agents,
pigments and flexibilizing additives that are not radically
polymerizable, e.g., alkoxylated phenol benzoates and
poly(alkylene glycol) dibenzoates. Conventional additives are
typically present in the compositions of the present invention
in amounts totaling less than 10 percent by weight, more
typically less than 5 percent by weight, and commonly less
than 3 percent by weight, based on the total weight of the
polymerizable compositiomn.

Polymerizates obtained from polymerization of
polymerizable organic compositions of the present invention
will be solid, transparent and substantially free of tinting

defects. Solid articles that may be prepared from the
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preferred initiator is diisopropyl peroxydi carbonate.
The anmount of initiator used to.initiate and
polynmerize 5 the polynerizable conpositions of the
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In a non-limiting embodiment, suitable organic
photochromic substances for use in the present invention can
have an activated absorption maximum within the visible range
of greater than 590 nanometers, or between greater than 590 to
700 nanometers. These materials can exhibit a blue, bluish-
green, or bluish-purple color when exposed to ultraviolet
light in an appropriate solvent or matrix. Non-limiting
examples of such substances can include but are not limited to
spiro(indoline)naphthoxazines and
spiro(indoline)benzoxazines. Further non-limiting examples of
these and other such photochromic substances are described in
the open literature. See, for example, U.S. Patents:
3,562,172; 3,578,602; 4,215,010; 4,342,668; 5,405,958;
4,637,698; 4,931,219; 4,816,584; 4,880,667; 4,818,096.
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that may be prepared fromthe WO 2004/ 063236

PCT/ US2003/ 039923 - 15 polynerizable conpositions of
the present invention include,;, but are not limted
to, optical |enses, such as plano and ophthalmc
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substituents at the 2-position of the pyran ring and a
substituted or unsubstituted heterocyclic ring, such as but
not limited to a benzothieno or benzofurano ring fused to the
benzene portion of the benzopyran. Non-limiting examples of
such materials are disclosed in U.S. Patent No. 5,429,774.

In a further non-limiting embodiment, the photochromic
substance for use in the present invention can include
photochromic organo-metal dithizonates, such as but not
limited to (arylazo)-thioformic arylhydrazidates, such as but
not limited to mercury dithizonates which are described in,

for example, U.S. Patent 3,361,706; and fulgides and
fulgimides, such as but not limited to 3-furyl and 3-thienyl
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substances are described in the open literature. See,
for exanple, U S. Patents: 35 3,562,172; 3,578,602;
4,215, 010; 4,342,668, 5,405, 95 ! 4,637, 698;

4,931, 219; 4, 816, 584; 4, 880, 66 4,818, 096. WO
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sunlight. The relative amounts of the aforesaid photochromic

om1c substance

substances used can vary and depend upon the relative
intensities of the color of the activated species of such
compounds, and the ultimate color desired.

The photochromic compounds or substances described herein
can be applied to or incorporated into the polymerizate by
various methods described in the art. In a non-limiting
embodiment, the photochromic substance can be dissolved or
dispersed within the polymerizate, such as imbibition of the
photochromic substance into the polymerizate by immersion of
the polymerizate in a hot solution of the photochromic
substance or by thermal transfer. In an alternate embodiment,

the photochromic substance can be a separate layer between
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i nvention can include photochrom c organo-netal
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incorporate or apply the photochromic substances. Typically,
the more photochromic substance applied or incorporated, the
greater is the color intensity. In a non-limiting embodiment,
the amount of total photochromic substance incorporated into
or applied to a photochromic optical polymerizate may range
from 0.15 to 0.35 milligrams per square centimeter of surface
to which the photochromic substance is incorporated or
applied.

In a non-limiting embodiment, the photochromic substance

can be added prior to polymerizing, e.g., cast curing, a
polymerizable organic composition of the present invention.
In this embodiment, the photochromic substance can be chosen

such that it is essentially resistant to potentially adverse
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can be applied to or incorporated into the

pol yneri zate by 30 various nethods described in the
art. In anon-limting enbodijgent, the photochromc
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I %%%@%%téa‘”afi°£8£ts and percentages are by weight.

Casting Composition Examples

The following summarizes polymerizable casting
compositions that are comparative and compositiong that are in
accordance with the present invention. Casting composition A
is a comparative composition, and Casting compositions B and C

represent compositions according to the present invention.
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(c)

Inc.

Diallyl urethane

(d)

Company, Inc.

, 1lluminant D65 and 10°C observer.

monomer obtained from Sartomer Company,

and having the designation NTX-4434.

Tetraallyl urethane monomer obtained from Sartomer

and having the designation NTX-4439.

Cast Lens Examples

The casting compositions A - C were each mixed at room

temperature and injected separately into glass lens molds used

to prepare circular lenses having a +5 diopter and an outer

rim diameter of 6.5 cm.

Twenty (20) lens molds were filled at

a time and their contents polymerized using the same cure
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in the art. Unless otherwise specified, all parts and
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Hunt er Lab Model Col orQuest 11 col orineter enploying

the CIE Tristinmulus XYZ scale, illum nant D65 and 10C

observer. (c) D allyl urethamergononer obtal ned from
Sar t oner Conpany, Evariuatlgg Qfav%lr}rgce hgede5| gnati on

NTX- 4434. 20 nees
, Casting Number of Tinted  Number of Tinted Percent of
Composition | Lenses Evaluated Lenses Having Tinted Lenses
Tinting Defects (e) Having Tinting
Defects (f)
A 228 57 25
B 529 30 5.7
c 436 23 5.3

(e) The lensesg were evaluated for tinting defects by means of
visual naked eye inspection. Tinting defects were observed as
having a lighter colored vein or fern-like appearance relative

to the rest of the tinted lens.

(f) 100 x (the number of tinted lenses observed to have
tinting defects / the number of tinted lenses evaluated). For
example, with casting composition A: 100 x (57/228) = 25
percent (%) .

The results summarized in Table 1 show that articles,

e.g., lenses, cast from polymerizable compositions according



(d) Tetraallyl urethane nononmer obtained from Sartoner
Conpany, Inc. and having the designation NTX-4439.

w@2®t/06ese Exanpl es 25 The casting conmpositi onBCHUS20E3/039923

10

15

20

25

30
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separately into glass lens nolds used to prepare
circular lenses having a +5 di.gpter and an outer rim
di aneter of 6.5 cm Twenty (20) lens nolds were filled
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| RoRBos &t 8411 GubRr &8t aigose¥esnim. stages from 48C to
85 C over a period of 18 hours, followed by cooling
to and holding at 60C wuntil derml ding of the | enses.

5 The cast | enses pvetochhamid iaaitedldyEtariillel ng them

St B e R B S0 Lo

C ownemer a[niu;d avgi yudde f rcomme Beia il yPewerd Ldptoripomatfed,

and 10 parts dei onl ed ter was _ heated and held
e F LR A E b G REAE o TR e I
Cadkhigd CDIPes bEobsttaallfiweretiiald yonbmaer §Ed)us ihgea
heat ed d ol u f I
WREERS PRSP o PRoran o, BEERLEer hrtn 5a T, P hy
wamer. . und'ehle tthenﬂeéllgm WEKe443l uFhedmivfunsg nreisnglended

d%fo%cg’s‘oue he heautls. ofrdkingl Bl&SymEmEEded 4 b Tabbe
ABLE 1 Evaluation of Tinted Lenses Casting

Nlﬁ’ﬁﬂéPPB?PYﬁl REEAXREHERSRFR LTI (IRY P Gehcpfradical
CampeshtdoOn lpesasxiived uaisedhbensemddayicog a iR tional 10
Lense§ Tinting Defects (e) Having Tinting Defects (f)
A"228%8% 25 B 529 30 5.7 C 436 23 5.3 20 (e) The

| enses Avepetevhlagapéd Was priepeired defmgtthebgamegpreoagdure

with the exception that the sample did not contain TAU

monomer.

The resulting mixtures were poured between two flat glass
sheets and cured by heating the sgsheets in an electric forced
air oven in stages from 48°C to 85°C over a period of 18
hours, followed by cooling to and holding at 60°C. The flat
sheets were cut into 1.5” x 1.5” sguare samples which were

used for photochromic dye imbibition. A photbchromic dye was
prépared and imbibed at a temperature of 135°C, for a time

period of 4 hours.

Imbibition Coating

The following photochromic mixture was used in the
imbibition coating. The total concentration of photochromic
in the coating was 4 weight percent. The materials were added
in the order and manner shown below, to a vessel equipped with

an agitator and a means for heating.
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tinted lens. 25 (f) 100 x (the nunber of tinted | enses
observed to have tinting defects / the nunber of
tinted I enses evaluated). For ,exanple, with casting
conmposition A: 100 x (57/228) = 25 percent M The

r et $opumuari zed in Table 1 sm@g%thtga%egggﬁglcg_s, 30
e.g., lenses, cast from polynerizabl e Conpositions
accor di ng WO 2004/ 063236 PCT/ US20g3/a399p3coatyy g
t hIRERsent i nvention, such as Conpositions B and C
have Tfewer_tinting defects than | enses cast from

c IR EPRY RIS EISTFUMY, such as Cotfpdsition A 5
Pidteathl emédl vl alieeBxgirgdherl n 98. 5 gy ans of

di.et hyl ene gl ycol bis(allyl carbonate Jronomer (md
ADC grade), commercially available fr PPG

| mbwahbi@spNsnc. under the designati ore.@R-39(r)
mononer, was blended 1.5 gmof tetraallyl urethane
nmononer (TAU)using a 10 nmagnetic bar. The TAU was
oraiIead from Sartomer Conpany, |Inc. under the

desi gnat + an-7IDX- 4439. The m xture waslL.d ended for
about 30 mnutes. To this blend was added 2.8 gm of

'diRESAHr opyl peroxydi carbonate (I PP) as a free radical

i Avdirakpproriie criLktbeee was t hen bl ended1ffor an
additional 10 15 mnutes. A control sanple was

p EERTPEHROME G HYENRAGEMEF nr ocedure with the exception
t habcbbher-S&Phe . did not contain TAU gorgaer. The
resulting mxtures were poured between two flat glass
2 Phoeehzomifd Neur d’ by heating the sh8e223in an

elppekbbhrd@iC@E. 8i%r oven in stages fpogygd8C to 85C

over a gerl_od of 18, hours, followed by _cooling to and
hFPRERGPER™EDEC-The flat  sheets werelc@t’into 1.5" x
1.Photsguasel s awpl 282whi ch were used boo7phot ochromi c

d L bitio phot ochrom ¢ dye wa prepared and
[ )r%’lo%(e) ata %é)r'régr ature of 135C, forgag?? e
Photochromic No. 9% 0.314

STABILIZER PACKAGE

TINUVIN ® 144 Uv

Stabilizer “9 1.718
IRGANOX © 3114

Antioxidant 0.736

)7 Photochromic naphtho[l,2-b]lpyran that exhibits a blue
color when irradiated with ultraviolet light.

‘" A Photochromic naphtho[l,2-blpyran that exhibits a blue-
green color when irradiated with ultraviolet light.

®) A Photochromic naphtho[l,2-blpyran that exhibits a yellow-
orange color when irradiated with ultraviolet light.

) A Photochromic naphtholl,2-blpyran that exhibits a vellow-

orange color when irradiated with ultraviolet light.
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the coating was 4 weight percent. The materials were

added in the order and manner shown below, to a

vessel equipped wth an agit% and a neans for

heati ng. WD 2004/ 063236 PCT/ U 5003/039923 23
N&Eeﬁﬂﬁheé@ﬁlﬁ&&n@eﬁ§€¥gvfyietlﬂpgﬁﬁtééﬁ%fﬁi@%k”ﬁvailable from
SOLVENTS Tetrahydrofurfuryl alc

DCabRyFeitagIGpeePrar it hyl et her 28.7 NWP 12. 3

Divianobhéi o dNBmke. ﬂapﬁﬂﬂdﬁiAzlg]byréﬂ|thaﬁTe%QQbﬂté3a yellow-

RESI N Hydr_ox
D?EaﬁﬁEKﬁéE”yﬁ%FEC?EQﬁ#%éé Wé?%) rﬁY?°19Eq? ron1c
NG'* A( Phofo@EDmikhotplctiell, @ -Nopy £41B)c12t58@hibits a yellow-

PO M Py 0, Ly 0 110
9("tap BRG1arhTSTAB) nazlmlqi/l@m@zp%amwm@hqmw purple

Sfce%kl #dn (10halatdd wild RGANCKS 9 k4 1A8ht OXi dant
30 c6>A Phot ochrom ¢ napht ho[ 1, 2-b] pyran t hat

exhlblts a bl ue
The imbibition coating was imbibed into the sample sheetg

by applying a film of the imbibition coating onto the surface
of the sample sheets. The film was applied by spin coating.
The applied film was allowed to dry. The sample sheets were
then heated in a hot-air oven at 135-140°C for 4 hours. After
cooling, the resin film was removed from the test samples by
rinsing with water and wiping with an acetone soaked tissue.

The samples were screened for ultraviolet absorbance and
test samples having comparable UV absorbance at 390 nanometers
were tested for photochromic response on an optical bench. The
ultraviolet absorbance value gives an indication of the amount
of photochromic compounds in the sample. The optical bench was
maintained at a temperature of 72°F (22°C). The sample sheets
imbibed with the imbibition coating were activated for 15
minutes and the Percent Transmission (%Ta) was measured after
15 minutes.

Prior to testing on the optical bench, the photochromic
samples were exposed to 365 nanometer ultraviolet light for
about 20 minutes to activate the photochromic compounds and
then placed in a 75°C oven for about 20 minutes to bleach
(inactivate) the photochromic compounds. The samples were then
cooled to room temperature, exposed to fluorescent room
lighting for at least 3 hours and then kept covered for at
least 1 hour prior to testing on an optical bench. The bench
was fitted with a 300 watt Xenon arc lamp, a remote controlled
shutter, a Schott 3mm KG-2 band- pass filter, which removes

short wavelength radiation, neutral density filter(s), a
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(8) A Photochrom c naphtho[ 1, 2-b] pyran that exhibits a
yel | ow- orange color when irradiated wth ultraviol et
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i mbi bed into the sanp eets by applying a fil mof
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Sheepat wde nfebbiraas mpjplsitednby &pltrmecgatveﬂgoutpﬂtewere made

appl .ed fil.m was IIovved to. dry._ The
il Eerete PR At st ol VPPl 95 0 PRige o=
hoemeving tmerutxslc@msurrgf ffiheeresim thiel ﬂrm]ats mmved

thFﬁbBD@oltﬁfgt $8IPLES Y bebNSE NG gt 'ﬁrkﬁﬁt§rt ten lamp
W ping W an acet one soaked tissue. The sanples

WYPE E%ﬁ‘%‘éjné@rf’ﬂﬁhutﬂier ARG 8t 2abtor FanEal af ‘ib&tsurface of
sanpl Eéné'l.a\ﬂﬂtngpﬁ@ﬁrﬂ_:g|t]€c1-‘1r\19\(1§1|38ﬂ{eb®&ﬁ@lat SBQ&, the light
nonet.er were teste or. oto mc, res se.on_,
e R R TR s i PP P S f R & st e
gla\REacJaeﬂltmdiacdeteﬂtcm tIﬂme anopuit sdbnphet fiodm drilec detector

he s opii L h
rral ntullgj"j é;StehaB Q%@toﬁn}gggf% aéélg%}f iﬁ satelse
sﬁ@éﬁstmfrﬁola@édam*ﬁﬂttﬁé’nl rbi #atd offsc Bandhes st éche Labtech
agbt¥BbeE Br =dBtwait RS taldrdmBRekegnt /J rsyssd . ssi on
(%ra) was neasured after 25 15 minutes. Prior to
testing on the optical bench, the photochromc
sanpl edhfereselifosed 680865 mAAbhet 2P avi ol et

light for TABLE 2
Sample IPp TAU Imbibition Photochromic %Ta
(wt%) (wt%) Time (hr) abs @ 390 nm (activated)
Control 2.8 0 4 0.1889 62.4
Invention 2.8 1.5 4 1.09 18

These results show that TAU has a significant effect on
the photochromic imbibition when compared with a control
sample. _

The present invention has been described with reference
to specific details of particular embodiments thereof. It is

not intended that such details be regarded as limitations upon



about 20 mnutes to activate the photochromc
conpounds and then placed in a 75C oven for about 20
wOorRewaner3¢ o bl each 30 (inactivate) the phot ochr@ms2003/039923
conmpounds. The sanples were then cooled to room
tenperature, exposed to fluorescent room |ighting for
at least 3 hours and then keptycqvered for at least 1
hour prior to testing on an optical bench. The bench
of LEESd ¥ thed 1 308nMBdd SXeBgn %&ofa@nﬁs anfiefPl&e extent
controlled 35 shutter, a Schott 3mm KG 2 band- pass
f iheér thehi e rerevesd YhiPe RATeNRHGHRS SUPART on,
neutral density filter(s), a WD 2004/ 063236
PCT/ US2003/ 039923 - 25 quartz water cell/sanple
hol der for maintaining sanple tenperature in which
the sanple to be tested was inserted. Measurenents
were made on the optical bench in the Photochromc
Performance Test with the power output adjusted 5 to
0.67 mlliwatts per square centineter (nWcm 2). The
power output was neasured using a GRASEBY Optronics
Model S-371 portable photoneter (Serial #21536) with a
UV-A detector (Serial # 22411) or conparable
equi pnent. The UV-A detector was placed into the
sanpl e holder and the Iight 10 output was neasured.
Adj ustnents to the power output were nade by
i ncreasi ng or decreasing the | anp wattage or by adding
or renoving neutral density filters in the [ight
path. A nonitoring, collimted beamof l[ight froma
tungsten lanp was passed through the sanple at 30
normal to the surface of 15 the lens. After passing
t hrough the sanple sheet, the light fromthe tungsten
| anp was directed through a photopic filter attached
to a detector. The output signals fromthe detector
were processed by a radioneter. The control of the
test conditions and acquisition of data was handl ed
by the Labtech 20 Notebook Pro software and the
recommended 1/ O board. The results are shown in Table
2 below. TABLE 2 25 Sanple |IPP TAU I nbibition
Phot ochromc %9a (W% (w% Tine (hr) abs @390 nm
(acti vat ed)
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with a control sanple. 35 The present invention has
been described with reference to specific details of
particul ar enbodi nents thereof,, I.t is not intended

that such details be regarded as limtations upon WO

20044063236, REK YS2003/ 039923 - 26 the scope of the
I nvention except 1nsofar as and to the extent that

they are PnBPUIBRKHZRHReCaBRTHIER AGRTET T WO
2004/ 063236 @&GT. /51U§2§)c93.3/a(3r%9191230f a ZJadl\é&atLyl SoTjmiriedble

| Fipt AR 0L CPIRORLL B £ONRL SLRGLad Forfua,

nononer represented by th«i&ib@mon@ﬂgeneral formul a,

t
O PR PGSBS £ AN ac seast
grtwepbydmxy 9ra>mlpa|, | 34 igr @upallazﬁld girobg, aalwhdl ds aurbele

frombert &rdn 2RE @b)a@gm nor anmobunt of a radically
pol ymeri zabl e = 10 second monomer represented by the

fol 1 owi ng getdr 3 MfBPMmATRURtQoL 13 yRElicRl éy(???éymerql\?able
wherehd ndsera rppkyyvahtent bl Bké ngbircdpgt Bahetsl ffoegula,
of urethane |inkages; R3 is a residue of a materi al
having a single hydroxy grougand at |east one allyl
group, R3 being 15 free of urethane |inkages; and j is

a nunber from2 to 4. R The-pot@rar] pabl e

conmposi tion of claim1l mherbln secon fononer (b) is
present in said conp05|t|oHH|n an anount at | east

sufficient such that a Xnerjzate of said
wherein R; is a polyvalent inking group that is free of

urethane linkages; R; is a residue of a material having a
single hydroxy group and at least one allyl group, R; being

free of urethane linkages; and j is a number from 2 to 4.

2. The polymerizable composition of claim 1 wherein
second monomer (b) is present in said composition in an amount
at least sufficient such that a polymerizate of said

compogition is substantially free of tinting defects.

3. The polymerizable composition of claim 2 wherein
said second monomer (b) is present in gsaid composgition in an
amount of from 0.1 percent by weight to 49 percent by weight,

based on the total weight of said polymerizable composition.

4. The polymerizable composition of c¢laim 2 wherein
said second monomer (b) is present in said composition in an
amount of from 0.1 percent by weight to 10 percent by weight,

based on the total weight of said polymerizable composition.

5. The polymerizable composition of claim 1 wherein R,

ig a residue of a polyisocyanate selected from aromatic
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conposition in an amount of from 0.1 percent by

wei ght to 49 percent by weight, 25 based on the total
wei ght of said polynerizabl e cggrposition. 4. The

pol ymeri zabl e conposition of claim2 wherein said
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bf%ﬂﬁﬂ?ya%eﬁaéﬁa Bt HES 5%8F¥%1 g'?th eshperial of
pamytrmr R;&bﬂ e coshbsi t:JsOBeleBtedT hﬁ»qagl ymﬁat—z:fcbla&cohols,
cQ of .claim.1 wh sareS|d
pol yPso %/%naa ehglé?'éc?%%l grtﬁ?ra CRrdS208% #%%%ﬁgene
PGLyJIS26D3/ G39923ving 28 1p?@ilsy| soeyalmleg,roapt phat ing xtures
pqly,sgeyanates, cycloaliphatic polyisocyanates and

m Xt ur es thereof and the material of which R3 is a
residue is sel ect ed from aromatic al cohol s,

al i phatg c a|'1&£éh95$ym§1yﬁaﬂﬂ|el lab b£i @l EOBe! 81aim 5 wherein R,
B PGPS oo SR L PP eR GP oo Loy e SelsEted fxom
pmsyo@shbraxadsldamnrpasate,orcy@flohbaam Hikecesnat’, s a
rg&it g }Zélgheg{ oaﬂg&ga{n%tgl i socyanate sel ected from

i soph

rone socy cycl ohexane diisocyanat e,
wéxlﬁyFLey@Y@Wetpaﬁéhm %mlymacﬁée,

blb&@l(&@@&%}@t@@bmwh&mn@&%a@e bis (isccyanatocyclohexyl) -
bi s(2| socyanat ocycl ohexyl ) net hane,
(

bi‘s G- BH ey A fat &&?éFEﬁ%W%tOCZC%OB‘?deéL 2-ethane, and
bing(itapey aftaireefc| ahexylis B,.2- et hane, and 15 mi xtures
thereof, and j is 2. 7. The polynerizabl e conposition

of claim5 wherein the material of which R3is a

resi dud.i s SileeppéyindriombCe- Gdmpesidiloenefgtiaiod Salvhygkein

ett*h%r mﬁPQH’a{lc%f%h@J:ﬂfYﬁ eE!S Q' & éi)_s aUsyée t%'iih?.rfom Cr-Cy

trinmet propane di trimet

etaﬂéﬁzréen%nsqlalqow aé%—hﬂerathe&enpaéw%ﬁp taéqutllePF a®lygol) allyl
etdrae), ﬂfmetﬂhymnhyf@aafeoaamsliyl (adHet) , et PRt 13NE1 ethane

T L S e S

r esiideehybsolgalopehedefi (ihlyl ether) and mixtures thereof.

8. The polymerizable composition of claim 7 wherein
the material of which R; is a residue is selected from
poly(ethylene glycol) allyl ether, poly(l,2-propylene glycol)

allyl ether and mixtures thereof.

9. The polymerizable composition of claim 1 wherein R

is a residue of a poly(C,;-C, alkylene glycol), and i is 2.

10. The polymerizable composition of claim 9 wherein R

is a residue of diethylene glycol.

11. A polymerizable composition comprising:



pol y(et hyl ene glycol) allyl ether, poly(1,2-propylene
glycol) allyl ether and m xtures thereof. 9. The

w@eigneRseabl e conposition of claim 1l wherei n RCT/BS200%039923

10

15

20

25

30

a residue of a poly(C2-C4 al kylene glycol), and i is

2. 10. The pol yneri zabl e conposition of claim9
wherein R is a residue of diefthylene glycol. 35 11. A
pol ymeri zabl e conposition conprising: W 2004/ 063236

PCT/ US2003/ 039923ma 4o tmcuidt 8¢ @Jﬁdl@@yﬂ)tp@f}/&rlzable
radlcall%%folynerlzable first nonaoner represente

t & TEBI P JERBREFRESST Myl khe fellowjing geperat Fﬁﬂrmrlla'
wherein Ris a divalentR¥Bsidu© obH-»,1pol y(C2-C4

ARETRR o G SRBHREL O SAohadr £ I BAFyifer 1L e

sgigndlm)rmrres aeprldsgengedupy drie if akl 2w agd gener al
formul a, bb apglﬂof*a 69h83ofﬁ£WE§¥ 551 r1 able
di val ent I|nk|ng group t is free o 16

| iSFRAES STOTRISTS rSPF@%fF]%RPél éy *ah@raﬁ@rhoaflmﬁa%w@ formula,
single hydroxy group and at |east one allyl group, R3
bei ng free of urethane Iinkaﬁbs; and j is 2. 12. The

pol yneri zabl e conposition of @l aim 11 erein 15 said
second nonomer (b) is G @aiRk fonposition in

an anount at |east sufficigent such thal a

pol ymerizate of said conposSition is substantially

f(ﬂ%grgintﬁ mignzg ?1%%%.%%? \A%;ﬂ{ *%ﬁ%gky !ni Zlagalf_efee of uz%ethane

nposi ti én of c |s a residue
a le;&&ﬁ%ﬁ fhai$ @ didssdepanhitae wdlegépédhdvioly a single hydroxy

eh?ram A 1saeyand ey116YCheheXang HiifPehaRabe, urethane
neth cycl ohexane dii socyanate,

bildf §%%?aﬁﬁFbﬁefﬁy?)cyclohexane

bls(lsocyanatocyclohexyl)nethane

bls(lsquan% oc OQSéyg% 25 2, 2- ane

bi s(i soéyana oc 1§ 5o &tl Hapf claim 11 wherein

gsald second monomer is present in said composition in an
amount at least sufficient such that a polymerizate of said

composition is substantially free of tinting defects.

13. The polymerizable composition of claim 11 wherein R,
is a residue of a cycloaliphatic diisocyanate sgelected from
isophorone diisocyanate, cyclohexane diisocyanate,
methylcyclohexane diisocyanate,
bis (isocyanatomethyl) cyclohexane,
bis(isocyanatocyclohexyl)methane, bis(isocyanatocyclohexyl) -
2,2-propane, bis(isocyanatocyclohexyl)-1,2-ethane, and

mixtures thereof.

14. The polymerizable composition of claim 13 wherein
the material of which R; is a residue is selected from a
poly (C;-Cy alkylene glycol) allyl ether, trimethylol propane
di(allyl ether), trimethylol ethane di(allyl ether), and

mixtures thereof.



m xtures thereof. 14. The pol ynmerizabl e conposition of
claim13 wherein the material of which R3is a

WO e®imies236 s sel ected froma 30 pol y(C2-C4 al kyP@mnes2003/039923
glycol) allyl ether, trinmethylol propane di(allyl
ether), trinethylol ethane di(allyl ether), and
m xtures thereof. WO 2004/063236 PCT/ US2003/ 039923 -
30 15. The conposition of claim 14 wherein Ris a

residu of gi.e I th i-al
whi ch % IS Igl rgg?ﬂ)ﬁgeﬁlggygg r rglpg?é%% b3 lSOfa fesmue

alofy Pigfimerenes gigcoThetpgblt ﬁefﬂﬁ‘i%@f@ﬂofo cIWBiLﬁJil %3 l&?a residue

The pelyerd-zapy0inélqiybol]. a18,1 Thepol ymeri zate of
claim17 wherein said 10 polynerizate is a |lens

having a positive diopter. 19. A polynerizable
5 conposilki.on Thenpolghargizata) oA abgiom lanount of a
radically polynerizable first nononer represented by
the followi ng general formula, 15 R [-OC (0) -OR1]
i wher éi7n RThe aopphgmidagat of esladue 13f. a pol yol having
at least two hydroxy groups, Rl is an allyl group,
and i is a whole _nunber from2 to 4; and (b) a
radi calfy pdPnBri B EasecohdHvioer Y2orpiesdit in
10 SablyRerpasid iienai Demdd ARAUET a Ofod 11RO dlopescent by
wei ght to 10 percent by wei ght based on the total
wei ght of said polynerizable conmposition, such that a
pol ynerfiozat & pblyserikzaddeposipomitic sobptosirsal |y

free of tintio,delsel Smoysi e radieabhy, paloitRiizabl e

second nononer represented by the
gEAEFRI MIINAY AePpesatedRby Epciq%#qwlyg et n tRpmpsa,
15 a resi due of a cycloallmm@kj@ dy Lsogyanate selected

m r i stin hor on [ n
gertepr? Ig OUp %8?8 a?fentgresuiue pofo aopglgo SOC 1%gagg least

two hydroxy groups, R; 1s an allyl group, and i is a whole
number from 2 to 4; and
‘ (b) a radiéally polymerizable second monomer

20 present in said composition in an amount of from 0.1 percent
by weight to 10 percent by weight based on the total weight of
said polymerizable composition, such that a polymerizate of
sald composition is substantially free of tinting defects,
said radically polymerizable second monomer represented by the

25 following general formula,

0
|

Ry—-N—C—0—R; ]
| 3

H

wherein R, is a residue of a cycloaliphatic diisocyanate
selected from the group consisting of isophorone diisocyanate,
cyclohexane diisocyanate, methylcyclohexane diisocyanate,

30 bis(isocyanatomethyl)cyclohexane,
bis(isocyanatocyclohexyl)methane, bis(isocyanatocyclohexyl) -
2,2-propane, bis(isocyanatocyclohexyl)-1,2-ethane, and

mixtures thereof; and the material of which R; is a residue is



cycl ohexane dii socyanate, nethyl cycl ohexane
di i socyanate, 30 bis(isocyanatonethyl)cycl ohexane,

whe@gioexasy anat ocycl ohexyl ) met hane, PCT/US2003/039923
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bi s(i socyanat ocycl ohexyl)- 2, 2-propane,

bi s(i socyanat ocycl ohexyl ) -1, 2-et hane, and m xtures
thereof; and the material of_which R3is a residue is
WO 2004/ 063236 PCT/ US2003/ 039923 - 31 selected from
theaQledl £A551SHd Bt Mmkhagabe Qb i cahi ARakic

al cohol s, cycl oal.i phatic al cohols, po Xéglkylene
g|3ﬂe@|‘n§yhm%€gﬁ5ﬂ§irn@Y%lcrﬁﬂdupélﬁyleré}mh e hPR&Y [Figydene
| eAstcoleNBa@didy/la gifyDe BAT-EYXEUEES, thRheabviig feilrgst
free o ur et hane_Li nkage '

5 S; d s 2..20. The
DBt AT Bongad: e CRaFHPAS TinBFEis ieReot
matrerttihahe of indsoss ; R8nidlsj as &si due is selected fromthe
group consisting of C2-C4 al kyl ene glycol allyl ether,
poly(C2 10 4 alkglene.glycol) al lyl ether,
tri met 3A-ol Treopahengr{zdHld comperiiont ofnetdim gl wherein
etdiangadif 8l Wr hher)r, BaNhassyitdd tQl seidddd le¥bm the

ether), di-trinethylol propane tri(allyl ether) and
NFCIPeSORFET L. C15Cof: FHY Iy HbY FohIR e YdoRpBST ¢ iR Y (Ca-
ofc,chmityne22 wheeein alle saher| AridktWpieh fRdpaseadi (allyl
residue is_selected fromt oup_.consi sting of .
DTy EEE ny PElE G080 ST B Rar Tt PdRT b fsivieama o
glydde) avl yethetrhier dandrimethyl edptdeareoftri2@1 2P, ekher) and

PoliyerLZable-L@rposition conprising: (a) a major
anount of a radically polynerizable first nononer
represented by the follow ng general fornula, R-

[ ]: 0-C (). l- Q;}llali;oﬂyrwéthﬁ.'ﬂmtechlgpfsMﬁYl\é@Eeﬁiainesziod H'ﬁeRrein
of .a polyo avl ng, eas fwo hydro roups,

i sthgnggwfﬂa]gro uﬁ’glg}ﬁo’&ﬁ P LSisE uﬁ%ﬁ%/c':%do#??mtgle
4.grand ¢sistriadi oal pylpEtypydene allyedeadhdl netterer

pr, b I [ I 1+ ' t fro .1

Deraany 2 th Rl R8P BakE AT k@l Hebeor.
the total weight of 30 said polynerizable conposition,

such that apelyiRe: Zald OtomSah t LRMRESHEL Sihd S
substantiall (¥=1)f I;;Legajoc];r ta{mrgatulnggogea{ er%tdsibally polymerizable
first monomer represented by the following general formula,
R-[-0-C(0) -O-R1];
wherein R is a polyvalent residue of a polyol having at least
two hydroxy groups, R; is an.allyl group, and i is a whole
number from 2 to 4; and
(b) a radically polymerizable second monomer
present in said composition in an amount of from 0.1 percent
by weight to 10 percent by weight based on the total weight of
said polymerizable composition, such that a polymerizate of
said composition is substantially free of tinting defects,
said radically polymerizable second monomer represented by the

following general formula,



said radically polynerizable second nonomer
represented by the follow ng general fornmula, WO

wQedoea3?36 PCT/ US2003/039923 - 32 0 11 PCT/US2003/039923
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R2+N-C-OR3 HJ wherein R2 is a residue of a

cycl oal i phatic diisocyanate selected fromthe group
consi sting of isophorone diisogyanate, cyclohexane
di i socyanate, nethylcycl ohexane diisocyanate, 5

bi s(i socyanat onet hyl ) cycl ohexane,
bls(lsocyanatocyclohexyl)nethahe

bi s(i socyanat ocycl ohexyl )¢ 2, 2} pr opan
bis(isocyanatocycloheiyiji Qﬂéth@néR3 nd mixtures

t hereof; and the materi al ﬂé which R318 a residue is
selected fromthe group consisting of C2-C4 alkylene

I 10_al.lyl ethe ene
OETeitohr 157t THaki B B Craie getFio o Saitphate
t|eeaebh9ﬂoﬁrqmItanegremmzndqﬂlseuhger ipephaeoyd hiiitsolcyanate,
tr] t

et Miikocfaadd ) TECIAAO/DIORARG. BLS O race,

|h1@ége§cy%nﬂfqmet§y2)cquphegan¢he polynerlzable
Cmq&%&&%&foc‘}}l:@bﬂéﬁﬁl wRehahs, bie 1%%9%@&0&%1\@%991) -

IS a resi gﬁ IS selected fron1the group consi sting
of2 'BoPYPRYHYI & (GPyEEAcyrLebeer) -1 hane, and
pmhytﬁraspﬂ&ﬁﬂoéneagﬂwﬂﬁihﬂkbyhabt&ﬁﬁﬂﬁﬂd Rl XisUBeSesidue is

el%gged ég% 2‘t":heA Pg%% cgﬂs% le CHMRO aﬁgylene glycol

nmoun P réd
p@b}uéret@ﬁLePOﬂvﬁgiChuﬁﬂmdﬁnﬁesﬁesehkeﬂjby theer,

fcﬂﬂlg@m%&erb%ggné Of MY 131 etﬁer{ Qﬁm@%yz& th]hahezs

ereln val ent reS| due’ of g aving
P ALY Sihs Ty AP RSP GRS CORICF O Y1 PURe ot
angimetBy PoWi@pane ntrbe1 11108t Ret 0 aéhd andt(Bds a:hereof, R,

radical by LAY IRLLZSD] & 58590, DNONRY o

23. The polymerizable composition of claim 22 wherein
the material of which R; is a residue is selected from the
group consisting of poly(ethylene glycol)allyl ether,
poly(l,2-propylene glycol)allyl ether and mixtures thereof.

24. A polymerizable composition comprising:

(a) a major amountlof a radically polymerizable

first monomer represented by the following general formula,
. R-[-0-C(0) -0-R11;

wherein R is a polyvalent residue of a polyol having at least
two hydroxy groups, R; is an allyl group, and i is a whole
number from 2 to 4; and

(b) a radically polymerizable second monomer
present in said composition in an amount of from 0.1 percent
by weight to 10 percent by weight based on the total weight of
said polymerizable composition, such that a polymerizate of

said composition ig substantially free of tinting defects,



present in said conposition in an anmobunt of fromO.1
percent 30 by weight to 10 percent by wei ght based on

wo bw4oe2ad wei ght of said pol ynmeri zabl e conposPCT/082003/039923
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such that a polynerizate of said conpositionis
substantially free of tinting defects, W 2004/ 063236
PCT/ US2003/ 039923 - 33 saidaiadically polymerizable
second nonomer represented by the follow ng genera

f QiU Bagfeathl pBZymeN LePeR3ebbndhMfSRid rReepSedbnted by the

residue of a cycloaliphatic diisocyanate 5 sel ected

f oM PHERYrHNEEnSPER 7y of i sophorone dii socyanat e,

cycl ohexane dii socyanate, methyl cycl ohexane

di i socyanat e, bis(isocyanatojéthyl)cyclohexane,

bi s(i socyanat ocycl ohexyl )fet hane,

bi s(i socyanat ocycl ohe@@!’)‘[—le : ‘m@mﬁm] _

bi s(i socyanat ocycl ohexyl) - k;2- et hane, afd 10 m xtures
thereof; and the material of which R3 is a residue is

S r he, O, onsi.si4idg ; y4at

TSP %;?g‘e%h%%%%f’y i Bha ey P e
ethéPCand LHA%Ciregr PR EF s RN eding sPpEerofe HerRaHanate,
||c@@§9§§$aﬁﬁ“hﬂisbéyghatfi?n%@hyfb?@idﬂ@%éhé?@if%ocyanate,
conposition conprjs : a maj or anount of a
rgﬂ?ééF?ﬁyiﬁﬁﬁﬂmﬁFF%gg%6ﬂ1$FF§Fennnoner represent ed by

t e sf( Ok boydmg cgeneoatxflometthane, Rvid (@oCybfdteodRbhekyl) -
2 herein R i . dj nt ' f.a,p -
aPkor BRE T, et bt B oLER AR 9 S aR LI Sy
amdxtbyea thatiecdl | gnpothmuateabie ecbidhndndrer residue is
Pise38RL el NeSA @h@oﬁPEEﬂtdd%BibBiﬁgléﬁ“@éﬁ&(@ﬁhlfgﬁg
sufficient. such that a Polynerlzate of saldy
c&%ﬁﬁ%?{?%ﬂyq SthGBst Ry @i ByPospYiene &ﬂYFP%%?¥ﬁ¥1 ether and
defigetiBes Stidgtao@di RAldeY npof YR 1dfZ Ak enses anithkafeB PB4 ]
rggrgsented by the followi ng general formula,

25. A polymerizable composition comprising:

(a) a major amount of a radically polymerizable

first monomer represented by the following general formula,
' R-[-0-C(0) -0-R;1;

wherein R ig a divalent residue of a poly{(C,-C, alkylene
glycol), R; is an allyl group, and i is 2; and

(b) a radically polymerizable second monomer
present in said composition in an amount at least sufficient
such that a polymerizate of said composition is substantially
free of tinting defects, said radically polymerizable second

monomer represented by the following general formula,

O

Rz——[—l}T—l(IZ‘—O—R3] |
i J

wherein R, is a resgsidue of a cycloaliphatic diisocyanate

selected from isophorone diisocyanate, cyclohexane



O Il R2+N-C-0-R3 H wherein R2 is a residue of a

cycl oal i phatic diisocyanate selected fromisophorone
walpiogoedzahat e, cycl ohexane WD 2004/ 063236 PCT/US2003/039923

PCT/ US2003/ 039923 - 34 diisocyanate,

met hyl cycl ohexane dii socyanate,

bi s(i socyanat onet hyl ) cycl ohexane,_

bi s(i socyanat ocycl ohexyl ) net hane,

bif(isseeyaNaL 0GrEhPIe) Y drexdnd- B DR Bmate,
bi s(1 socyanat ocyc| ohexyl ) -1, 2- et hane,” and 5 m xtures
t e dpoCyanaierish iy + B Ofohs#efRane |inkages; R3 is a

r &ﬁ_isdﬂﬁoga@ﬂwyeﬂblﬁfx%ﬂavﬂdt@aaesi B @i_éb)é?&ﬁé(bjocfgidm:plexyl) -
and _at east .qne.a rou ing.fr 0
e RRE T A8 St o R D R BE e i

5 conpasices orhebn | Bi rgingafree naf arreahpuatligfkages; R: is a
r adi y ' I fir st Lt e Y%
Re e arroa Ay BERFar i 3 o T B SR SR o
whHeestnore i sl Ly ldpyarentRsr Bsiauef usfe @fpurgfiemnecd inkages; and
alkylepe 15 glycol), Rl is an allyl group, and i is
2; and (b) a radically polynerizable second nonomer

present in said conposition in an anount at | east
10 sufficizant 7sgohyhésat zsblpolkyhpos zaien eompai ging:

conposition subst antj al | ree of, tinting defect
sai d radi cal 4a§ Sow?/%(grriazma )(é g%c%nr Jlfﬁllrﬁ;%n%& r erizable
r resemtreindyy reheeseiiashibyyg thengebloviggnaemeral flopmula,
R2+N-C- O R3 H wherein R2rig fo)esidye of a
cycl oal i phatic diisocyanate @ selected fromisophorone
divheseyanats cydvatekanresidrrsetyaaly (C2-C, alkylene

15 MefiRybeyclmhexaae ilygogyatal eand®S is 2; and

bis(iSocyanaasngtggé%éaeﬁyo%% 9Hgfizable second monomer
present in said composition in an amount at least sufficient
such that a polymerizate of said composition is substantially
free of tinting defects, said radically polymerizable second

20 monomer represented by the following general formula,

0
R2+N—IIC—O—R3]
! ]

wherein R, is a residue of a cycloaliphatic diisocyanate
selected from isophorone diisocyanate, cyclohexane
diisocyanate, methylcyclohexane diisocyanate,
25 big(isocyanatomethyl)cyclohexane,
bis (isocyanatocyclohexyl)methane, bis (isocyanatocyclohexyl) -
2,2-propane, bis(isocyanatocyclohexyl)-1,2-ethane, and
mixtures thereof, R, being free of urethane linkages; R; ig a
residue of a material chosen from poly(C,-C, alkylene glycol)
30 allyl ether, trimethylol propane di{allyl ether), trimethylol
ethane di(allyl ether) and mixtures thereof, R; being free of

urethane linkages; and j is 2.



bi s(i socyanat ocycl ohexyl ) net hane,
bi s(i socyanat ocycl ohexyl)- 2, 2-propane,

whe®giexnasg anat ocycl ohexyl ) -1, 2- et hane, and m KRECTUEN03/039923
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thereof, R2 being free of urethane linkages; R3 is a
resi due of a material chosen from poly(C2-C4 al kyl ene
glycol) 30 allyl ether, trinetdiyl ol propane di(allyl
ether), trimethylol ethane di(allyl ether) and

m xtures; t he V\%Q;l B3: RaiiNg bhB8s Of i ol TRhRNE1 hd Nkages;
and j is 2. 2884[063236 PCT/ US2003/ 039923 _~ 35

27. A pol ynetd)zabral eomi¥srti 8h 2omsticsildy; Peymeyizable
a1 04 t aRBHGthe Ofrepredshead by pREYAST1EARIEL gehb#Sl formula,
nononer represented by taﬁ_é_%(l 9\/_\n'on general formul a,

R [-OC (O -ORl] i 58wherdi P ROT&4 residue of
diveielrglionk g calesi®ie st arieahlyyéne gylomwl, aRd iis bs 211yl

ag&o&ﬁ) a kadically_polymerizabl e second nononer
present I'n sai'd ¢énpoSition in an anount at | east

sufficient &iclk rhdicallyolpheneriiablsf ssgp@d monomer

CmRAsht | OR 45 SeBRLAEI 4 A Ynlnf &RGuA okl DLLBY sufficient
défects, said radically polynerizable second nononer .

r ptEs EheEP BXP]tYH‘@rF 6?‘%/%\fafn éa@@n%ﬁ"%ﬁ’oﬁ”&lﬁﬁl 3s grbgtpntially
RZNeCo® RBntHnlh defieces N LBAd gadic£BlWpdl9hetizable second
cycloaliphatic diliso at el ected from Lsopharone
GEERS EnatR SS b F A A 16° 80T Lo yinnsral Fommitd,

met hyl cycl ohexane dii socyanat

bi s(i socyanat onet hyl ) cycl ohexane,

bi s(i socyanat ocycl ohe I)EgﬁgL e, ~
bis(isocyanatocyclohe?%%) , -pr%pé%é]-
bi s(i socyanat ocycl ohexyl ) - I 2- et hane, afd i xtures

thereof, R2 being free of urethane linkages; R3 is a
2Qeesi U, Qfs ROL¥sidue SfP&OPYEIRIRA igh¥e ot )ddldotlyanate

etQ%T’tFQ ggingﬁ fhse of(#p%tgane | 1 nka sheggg j is
2 SS2§CLRA D CITPBRPTORT (¢ PR EONDTT s i HG ] ©
paliyseriyaadies Ofmetaypoyyimdrexaabl éi Lonpesiateon
C%H%QHébB?énatomethyl)cyclohexane,
bis (isocyanatocyclohexyl)methane, bis(isocyanatocyclohexyl) -
2,2-propane, bis(isocyanatocyclohexyl)-1,2-ethane, and
mixtures thereof, R, being free of urethane linkages; R; is a
residue of poly(l,2-propylene glycol) allyl ether, R; being

free of urethane linkages; and j is 2.

28. A photochromic article comprising a polymerizate of
a polymerizable composition comprising:
(a) a major amount of a radically polymerizable
first monomer represented by the following general formula,
R-[-0-C(0) -0-R;];
wherein R is a polyvalent residue of a polyol having at least
two hydroxy groups, R; is an allyl group, and i is a whole
number from 2 to 4; and
(b) a minor amount of a radically polymerizable

gecond monomer represented by the following general formula,



25 (a) a major anount of a radically polynerizable
first nonomer represented by the foll ow ng general

wo eromb®r3c R [-0-C (0) -ORl] i wherein R is BCT/US2003/039923
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pol yval ent residue of a polyol having at |east two
hydroxy groups, Rl is an allyl group, and i is a whole
30 nunber from2 to 4; and (b)z;@ Jninor anount of a
radically polynerizable second nononer represented by
the follow ng general formula, WO 2004/ 063236
PCT/ US2003/ 039923 - 36 0 110 R2+N-C-0-R3 H wherein
R2 is a polyvalent linkin grdbp that is free of
ur et hane |inkages; R3R Néﬁfdu@—ﬁﬁg}.naterim
having a single hydroxy gréup and at |éast one allyl
group, R3 being 5 free of urethane |inkages; and j is
umber fram 2 hotochro arti

4. - 29. A
Ed™t & bE F‘r%%l%‘falecr’i%n%ﬂﬁgl%%f%ré’i? ?‘r%risugﬁgeeaﬁf
atuﬂeaaaahephmkaajelsy Buried a sebsduataf, aatmateasdl daving a
B R AP a R R D d A ALGER) O 21331°Up3kETGE BUEng
pHstesc RE ovt et Bt éPékége%ﬂzﬁn% 29ighreripesagifgom 2 to 4.

phot ochrom ¢ substance is at |east partially inbibed

into said subgprate 15 31. .-The photochronjc article
of cl aidi 29 AMPRCEPRREAMYS ATTHSLF at@REEA L0l Rgstree of
pafﬁntahgyd@fxaitm cmnphlﬁlxog)ain ag 1emtpqut:uemly cured

phg?)lsionic sub %anceﬁhéﬁ?%EEO%gkc ngioc r anf eotochromic

arsubsitencé @IiChiamtzgtmr@&ﬁe@andhibwﬂtﬂgﬁgd@eteﬁ
inhibiting additive is present in an anount such that

a polynerizate of said conposition is substantially
free of3q|rﬂqhﬁgpagpge$gpmlc article of claim 29 wher€in said

photochromic substance is at least partially imbibed into said

substrate.

31. The photochromic article of claim 29 wherein said
gsubstrate is at least partially coated with a coating
composition comprising at least a photochromic amount of a

photochromic substance.

32. The photochromic article of claim 29 wherein said
tinting defect inhibiting additive is present in an amount
such that a polymerizate of said composition is substantially

free of tinting defects.

33. A photochromic article adapted to be free of
tinting defects comprising at least a photochromic amount of a
photochromic substance, a tinting defect inhibiting additive,
and an at least partially cured substrate comprising:

(a) a major amount of a radically polymerizable
first monomer represented by the following general formula,
R-[-0-C(0) -0-R;1:



25 33. A photochrom c article adapted to be free of
tinting defects conprising at | east a photochromc

w@prmune32ad a photochrom c substance, a tinti nRCHESMO$/039923
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inhibiting additive, and an at |least partially cured
substrate conprising: 30 (a) a major anmbunt of a

radi cal ly polynerizable first;qmononmer represented by
the followi ng general formula, R [-OC (0) -ORll WO

2 / 236 = i i
ror S SRR S g ot ateapup S o MARVBLI A Be Least
hyi#co Ry et srouRe . | B &4F afl 113 epuranthd i §saawtepks

nyhee-ffom 2 te 4; and (b) a minor anount of a
radi cal |y polynerizable 5 second nonaoner _represented

by the fol | oi'ng LT A NMBEndf 2 rasiicplly AESS B3P LE
whelehl Rndnsera rpplyyalent byl Bke nforaaupgt batersl fioetula,
of urethane linkages; R3 is a residue of a materi al
having a single hydroxy grougpand at |east one allyl
group, R3 being 10 free of urethane |inkages; and j is

a nunber from2 to 4. R34 N\—Fﬂ'*%@em-p ic article
adapted to be free of ‘tihtlng defects gonprising an

at least partially cured fHibstrat e conpri sing

di et hyl ene gl ycol bis(allyl carbonate) 15 nononer, at

| edsrean pRrotchr R eptnt 19Fing SHetBcHrdNiie free of
subekanse Bkageki; Nki Ng defegtadd bbbt higeaiddi hbveng a
35., Tge %zéat ochrom c arq{i %Iﬁ of cl ai m.34_wherein saliag.
pIFOEELRr BRFORUBEPHR B £tat CPERST Dt YAl P35 Hbitp el 109
I Mreesaf duré&hasigb$inledaes ;36ndTheiphotmumbeontcomar itol é.
of claim 34 wherein said photochrom c substance

conprises at |east one napht hogyran. 25 37. The
phot oci¥oni @ ahprefreticclairaria adpptedntgaigl free of

PRALRENE Ofd e UL SLAPEL: iy GROSEM ELMpartially cured
subgtrate comprising diethylene glycol bis{allyl carbonate)
monomer, at least a photochromic amount of a photochromic

subgtance and a tinting defect inhibiting additive.

35. The photochromic article of claim 34 wherein said
photochromic substance is at least partially imbibed into said

substrate.

36. The photochromic article of claim 34 wherein said

photochromic substance comprises at least one naphthopyran.

37. The photochromic article of claim 34 wherein said
photochromic substance is chosen from
spiro(indoline)naphthoxazines, spiro(indoline)benzoxazines,
benzopyrans, naphthopyrans, organo-metal dithizpnates,

fulgides and fulgimides, and mixtures thereof.

38. A photochromic article adapted to be free of
tinting defects comprising at least a partially cured

substrate, a photochromic amount of a photochromic material



spi ro(i ndol i ne) napht hoxazi nes,
spi ro(i ndoli ne) benzoxazi nes, benzopyrans,

WO 2phobR2pey/r ans, organo-netal dithizonates, fubPQi/tism03/039923
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and ful gimides, and m xtures thereof. 30 38. A
photochrom c article adapted to be free of tinting
defects conprising at |east ajpartially cured
substrate a photochron1c annunt of a photochrom c

éﬁ'l sa gzgﬁ PS}I{:M%/ Oggggé?st p?éa:tlally

ereln sal otochromc material 1s at
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dghgetidhhibiting additive. 5 39. A photochronic
article adapted to be free of tinting defects
conprising at least a partially cured substate
WhefelG9$ald.§nb§&éﬁﬁdmﬂcsaﬁtuh&ﬁ%ﬁa@aéﬂla¢|be(ﬁr&Eedf

05|t|on c r|S|ngrgt | past,.24

c na

pﬁbFB%?ﬁ(§#£§05%Dﬁﬂ? TIF0Y Bhotot er¥zﬁur §ubstate
t wherain defiectsubabrdi« iimg alOla@ﬁh tpaI@;Lally coated with a

coating composition comprising at least a photochromic amount
of a photochromic material, and a tinting defect inhibiting

additive.



