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COVPOSI TI ONS DESCRI PTI ON OF THE | NVENTI ON The present invention relates to
a pol ymegihaahig, © conposition. Mre particularly, the pr % {g&\égntl on
relates (o a polynerizable conposition conprising pol yoi E | y car bonat e)
nononer and a urethane having at least two allyl or substituted allyl
groups. The present invention relates also to polynerizates, e.g., |enses,
obtained fromthe 10 pol yneri zabl e conpositions. PoI yrreri zabl e organic
conposi tions bagpeaR Pﬂﬁé%éﬁ&éﬂhm%ré&ﬁ?&ﬁ)mp hg di et hyl ene

gl ycol bis(allyl car%onate d polyneri zates o a| ne erefromare well
known in the art. Polyneri zat es of pol yneri zabl e organi c 15 conpositions
based on honopol yrmers of ﬁ#é%k?#f&fo‘i‘l ;fggl uinieak! Y!I carbonate) possess
excellent clarity, good ex y an brasion resistance. Exanpl es of
applications T pehEeht sincenpody merliazat eso rayobgmeseckilecl ude, ophthal mic

| enses, sunal as aut omot | nd aircraft 20 transparencies. It has
been os{f)ser\}rgjt?sfl%a?ntl r%’?’regp%]ftlcu ii ef | ?’éat Bgesp?%t ared Pr%m Slq,l'Cﬁes

conposi tions byslmﬁmblel mnn;e:@iatbnnc@ﬁprdyesgcmn,ydlnameyl ain inst ances,
result in an even tinting,of the surface. Suc ven ti n

referred (fagbg FhtiHg A T‘%ﬁ ECUREn FVAPP g f als 3¢t JDTS} gf is often

mani festedlmltutsmedﬂlylobs@jpsabl ehdepraienhtobntde: itdnNtretatsdl faage(s) of the
pol ynmeri zate, which are commnly referred to as "ferns” or "noons." In the

case of tihPRAYBPRARICT c°t Bns S SERc L INERntEA 6Bt hal i ¢ | enses havi ng

a posidi uidmepledbld .cempoPltion?Q | enses, and non-corrective |enses, e.g.
sungl asses, such tinting failure often results in rejection and scrappi ng
of the tintedIeAETIRRIA FEFBM T FAPREL MPTRiPRERE P RAYPL 4B} !

carbonate), particularly diethylene glycol bis(allyl
carbonate), and polymerizates obtained therefrom are well
known in the art. Polymerizates of polymerizable organic

15 compositions based on homopolymers of diethylene glycol
bis(allyl carbonate) possess excellent clarity, good
flexibility and abrasion resistance. Examples of applications
for which such polymerizates may be used include, ophthalmic
lenses, sunglasses, and automotive and aircraft

20 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.

25 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

30 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



WO 01/ 42321 PCT/ US00/ 34224 2 in order to avoid the econom c | oss that
results fromthe scrapping of |lenses having tinting defects. United States

Pat ent ' 994, 208, 5,084,529, 5,110,881, 5,221,72 9/8 and
5, 246, 6?808124522%% be 5 pol yneri zabl e conpositions corrposegrc(')l?w&@?‘g/zo (allyl

carbonate) nononer and at |east 10 weight percent of aliphatic
pol yuret hanes, the term nal portions 9of which contain allyl functional
groups. United States Patent No. 5,200,483 describes organic resin

conposi tipns contai ning p ol (allyl 10 carbonate). nononer_.and a m xture of

al i phat i c”hroé”tdﬁén‘é%,a"ﬂ%éi 9{‘%r?é°ﬁ’§f“¥ﬁo#?sl‘soﬁ§1a fr ‘%]ctﬁ ESR?atrkhe allyl or

acrylyl faneddpangl of dredigps. hatidasinowmdberstedtscovered that cured

pol ynmeri zates __prepared fromthe 1£0| ynerizabl e anBOSi tions of the present
f

15 invention are SUpSEaMY G2 i 6 4t PAti 4 (def BRE 2% or exanpl e,

tinting defectssteferaadrbe, i 10 oastams f,eubse0d admeNbe | n accordance
with the present invention there is provided a polynerizable conposition
conpri 3i ikPLYTEF 1530 GOTRABLIRONST CATPARRT AT FOpBPY ifery2 aBt P IG LRI 1 st
nonomer ref@eenhed Ly 1bhecf ol ewghe genamal! ofosMmpmachie | R [-OC (0)
-O-Rl] wherein Ris a polyvalent residue of a g_ol yol havi ng]L at least two
hydr oxy (POUPEELRRANGS dhealeyingy BABStPRUCEdVAlFYyIcgEalp,3128 and i is a
whol e nunb@lcdfibam Zytdiph. a0 ddd) sRabbOosaRERURL. Of, Aol agh cal |y
pol ynmeri zabl e second nononer represented by the follow ng general formula
L1, 11 Glescribes organic resin compositions containing polyol(allyl
10 carbonate) monomer and a mixture of aliphatic urethanes, the
terminal portions of which contain allyl or acrylyl functional
groups.
It has now been discovered that cured polymerizates
prepared from the polymerizable compositions of the present
15 invention are substantially free of tinting defects, for
example, tinting defects referred to in the art as ferns or
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,];
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
11,

IT
1
Ry—-N—C—0—R;]
p ]

30



11 R2-~-NCGOR3 H 30 WO 01/42321 PCT/USOQ 34224 3 wherein R2 is a
polyvalent linking group that is free of wurethane linkages; R3is a

resi due erial having a single hydroxy group an one al lyl
ng’ﬁz’f‘%gf dpé’ltméo‘ﬁg?zt%

group, free of urethane |inkages, acryloyl groups an

met hacryl oyl 5 groups; and j is a nunber from2 to 4, e.g., 2, 3 or 4. In
an enbodi nent of the present invention, said second nononer (b) is present
in said conposition in an anount at }east sufficient such that a

pol ynerizate of said conposition _js substantially free of tinting defects.
10 The feRRSFEE Rhdf BRRYRCPEFPzel tHETSr 858 TVehfi BiF%PE  pointed out

Wi th partifdiramnkt yinkhdeRe &) aisns, radiicile area mveexed hfrardaf orma part of
this disclosure, These and other features of _the invention, its operating
advant age3ingi¢ hYREC%HSEPHP cahjadct828bt T84 1By T4¥PusB: WiP9be nmore fully

15 under staad Jer e dhgef ohhrabdrg det-aided deseti Hld aRcandryhg1 acconpanyi ng
illustrative drawing. Qher than in the operating exanples, or where
ot her wb segrqunfi cared i P RURPRT STeRpt es3ingegdiantd t BeSTot- i ngredi ents,

reaction condif] QnS emBb&imetRCdri Mhd NG-c3RRET fiRAlliBR, ahd £1s8LbBRq 20 are to be
understood as nodified in all instances by the term "about." BRI EF

DESCRI PTI GRCRITIHE) DRAWREST gut ¢aldi sompasésieseitt & 6MCBRL #thegati ve i nage
of a 256\;%;&@@&% S dg}&v'sﬂghte d no defect:s.  DETAILER DERGRIREIEN OF THE

1
| NVENTI n an enbodi nent of the present invention, the second
is substantially free of tinting defects.

10 The features that characterize the present invention are
pointed out with particularity in the claims, which are
annexed to and form a part of this disclosure. These and
other features of the invention, its operating advantages and
the specific objects obtained by its use will be more fully

15 understood from the following detailed description and the
accompanying illustrative drawing.

Other than in the operating examples, or where otherwise
indicated, all numbers expressing quantities of ingredients,
reaction conditions, etc. used in the specification and claims

20 are to be understood as modified in all instances by the term

"about."

BRIEF DESCRIPTION OF THE DRAWING
Figure 1 is a representation of a negative image of a

25 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 II is
30 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



nmononer described with reference to general fornula Il is 30 present in
t he pol yneri zabl e conpositions in an anount at |east sufficient such that

pol yrmeri zat epared from such conpositions are subst i free of
tinting %@f"@@?@i As wused herein and in the clains, the er/{rjnedpwzrﬁ'i ng

defects"” and WO 01/42321 PCT/US00/ 34224 - 4 simlar terns refer generally
to a visually observabl e uneven distgibution of dye over the surface of a
tinted polynerizate, such as a tinted lens. Mre particularly, tinting

defects apgn; Off @R, ys SHAldY sohsRIM3Phe 25,14 QLGN o6 Q8 Ofindtpll Nted 5
surface patterns, sonetines™in the’formof fernsS or noons. Tinting defects

in the fofdhsofifusing efardyiseover tter sugéace idfed Wirnted edveprezate Figure 1.
The tinte I ri Fi e i ot ed: plys._ | .~ pr epar ed
?Hﬁ) TR L ZAL Aieﬁ%. e 5}%&@1#1&6 d 4 agg@ﬁc&} are

from die ene glycol bis(all nat e nomer, aving 10 tinting
def ect s 16ftdrerdsmal Forohserpases af libhust raatliopad ¢hemnttinnedng defects 15

of Figure j ale %ngrr%s, AHELAld VG @ﬁg?fomﬁ%f%g&é‘%rre' Qendy "plus lens”
is meant 2 1ens havi ng d posdlve (l+) iopter, i.e., & lens having a
posi tive focal Tihteingt Hebectredn theafoypoioft feffire dannbenfuddfeact s shown in

the 15 lens depicted in Fiqgure . _observ ip.a lens_having.a plus
(ive (+5) TSR i trers BT et B AU PRe T ordror  sshe SLADr idn | n
Figure 1) af eilgypecaliy aohsetoddlas aes€ries pebpaonteatbmi ¢ circl es of
varying tint strengt he s f the tinted lens. In 20 sone

0 face
i nst ances A HPHCEG 94;6%0 i FF(%ﬁﬁlbicf‘r ORBIHI MEEPBRE 02 b BEKR Hbon and fern
type tbnt tgridef aetsctshe @ReLEsENCEof plitgddedgodef BGliss rat i bn paneneri zat es
prepared from polyal (allyl carbonate) nononers is a largely, statistical
phenonenoﬁ?n%tgoldﬁifﬁ ¥, 55 RToF HBIY S & 8EE T Re 2P 1 2 IR PPy HRFIZabl e
conposi ti A8 m herdsed b0 “PIePaAlRs” is meant a lens having a

positive (+) diopter, i.e., a lens having a positive focal
length or real focal point. The tinting defects shown in the

15 lens depicted in Figure 1 were observed in a lens having a
plus five (+5) diopter.

Tinting defects in the form of moons (not shown in Figure
1) are typically observed as a series of concentric circles of
varying tint strength on the surface of the tinted lens. In

20 some instances a tinted lens will exhibit a combination of
both moon and fern type tinting defects.

The occurrence of tinting defects with polymerizates
prepared from polyol(allyl carbonate) monomers is a largely
statistical phenomenon. Accordingly, in order to determine if

25 a polymerizable composition can be used to prepare
polymerizates that are “substantially free of tinting
defects,” more than one polymerizate, e.g., several lenses,
should be prepared. Optionally, a set of comparative
polymerizates may also be prepared under similar conditions,

30 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



pol ynmeri zates that are "substantially free of tinting defects,” nore than
one polynerizate, e.g., several |enses, should be prepared. Optionally, a

set of conparative polynerizates nay al so be prepared i o1l ar
conditi &%,l/égzle.g., usi ng the sanme cure cycle, froma gg%gﬂﬂﬂé‘n that is

known to result in tinting defects. The specific nunber of polynerizates
that nust be prepared is often determned by trial and error. In the case
of ophthalmc |enses, typically WO 0I/42321 PCT/ US00/ 34224 5 between 10

and 100 l.enses pr.e to determne if the re su ially free of
fnting doreera LERRE00 dhiesl ALE ARG L0 RlreBhEnS TR St X1 T
t he Exanplressubstaitiallypfosd lof, téntsety defpotynemsuzates, e.g., 100 5

opht hal m ¢ pl us_| enses r epar eg from.a %Ol %%er.i zabl e chrrpno?i tion
accor di ndiett(‘?r?‘h%a‘blroélséﬁtg?%errhble n'}nigsnré:(g1 & MRrEd o B B shtially free
of tintingrdehectsdiltallypet cert obrpolveesizptef.ereabl.y bopercent or |ess,
and nore prefeiably 0 ercent of the tinted ciliélmer.i z}éajlt,]es have tinting
def ects, SERERALtR A3 e RS Se PORBTONGTER { IO WE-pH&Qet i n t he
pol yner i zapesi € escbi@mPitd e psasRnt iAMedildngnik Ncéhdidegedanmunt
(e.g., fromO.1 percent_by weight to 49 percent by weight, based on the
total weitghPeof U RHEEIAPLEi HHENPT THiiedl BT e dhd I PoiTaireP  (b) i s
present ingshepsormasili onpdfcchieot NNt and v bRBrEFaIY, @anount of at
| east 0.1 percent b){1 wei ght, npreferably at |east 0.2 percent by weight,
and nor e BSEEFBE abf Fheat inkad Pod yRepbratast hye veinghtd Bt sonSEdR t ot al
wei ghi, of ¢ tthepgonposi tion. Second nononer (b) is also typically present 20
in the conposition of the present invention in an anount of [|ess than 10
percent by weiSgisPnd prefasegbl(y) | e PrERERC Srpéheepel YirigaPYht and nore
prefer abl%m&agng.tI&?%f?’tﬂgrﬁxeégen?yiﬂ\@émbn in a minor amount (e.g.,
from 0.1 percent by weight to 49 percent by weight, based on
the total weight of the composition). Typically, second
15 monomer (b) is present in the composition of the instant
invention in an amount of at least 0.1 percent by weight,
preferably at least 0.2 percent by weight, and more preferably
at least 0.3 percent by weight, based on the total weight of
the composition. Second monomer (b) is also typically present
20 in the composition of the present invention in an amount of
less than 10 percent by weight, preferably less than 5 percent
by weight and more preferably less than 3 percent by weight,
based on the total weight of the composition. The amount of
second monomer (b) present in the composition of the present
25 invention may range between any combination of these values,
inclusive of the recited values, e.g., from 0.1 percent by
weight to 10 percent by weight or from 0.3 percent by weight
to 3 percent by weight, based on the total weight of the
composition.
30 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,



based on the total weight of the conposition. The anobunt of second nononer
(b) present in the conposition of the present 25 invention may range

bet ween any conbi nati on of these values, inclusive of HQﬁW&ﬁ@&b%p val ues,
e.g., fromY*®hercent by weight to 10 percent by wei ght  or Trom 0.3
percent by weight to 3 percent by weight, based on the total weight of the
conposition. 30 Wth reference to gengral fornula Il, second nononer (D)

i s distinguishable from pol yuret hanes having termnal allyl functional

groups as_described in, faor ample, United State Pat ent .'.s 4,994, 208,
2. 084, 5205 £e1 PG5 5810 55,%%1?%1%8&?“@‘3%?3 U200 3@’2"4§96‘r€5, 236, 978
and 5, 246e630.frkB genefarhahior mikages, R2ZrapdrR3carerlyearh ahrer, of uret hane
| i nkages, nore particul arly, R%nand 53 re.each free of internal urethane
i nkages. 278 SFSBATFES @i *PAREPTh PREFETS] HEXPRE { AFmietP dIH&HE | i nkage" i s
meant to Snd efekhtOciditnsf,oObhowidigh stirdehateall ihkad@ga,s mbhdd -t6( O -O. In

the case when R2 is a residue of a polyisocyanate, second nononer (b) can
be desériBetFrascathsl %ﬁlslﬁifﬁ/’aﬁa??“tcﬁafa{slmé‘ﬁ‘ﬁﬁed'%ﬁ)ﬁct(ﬂé'(?ﬁ)'no-lﬁydr oXy
functi onalhdratgki he®fr, Wi Gh R31ikSe doff @8SpEURi s abapendidignan the method by
whi ch second nmononer (b) is prepared, R2 may be a residue of, for exanple,
a pol yi seeyaneat éb) jcan beadpgeeiies 2Ra% iR} YAECF Bt W82t i Sdcyanat e groups,

or a pol yamne; whcf: thé rPRbehi@lo:la LA Alnall RASLr L0 RN LB rRRM 1€ groups.
When the second nononer is 15 prepared by capping a polyisocyanate with the
mono- hydraxgesifdyscti onal material of which R3is a residue, RZ is a residue

of a pglyisocy i ndNEn SGRORD : ADN AL NTBY S SRbRRERRATEH 1Dy first
reacting the nono- ygToxy functional ‘'material of which R3 is a residue
Wi t h phosgesmared. f Br mayhee cormesdgoaddihg for example, a

polyisocyanate, i.e., a material having at least two
isocyanate groups, or a polyamine, i.e., a material having at
least two primary amine groups. When the second monomer is

15 prepared by capping a polyisocyanate with the mono-hydroxy
functional material of which R, is a residue, R, is a residue
of a polyisocyanate. The second monomer may also be prepared
by first reacting the mono-hydroxy functional material of
which R, is a residue with phosgene to form the corresponding

20 chloroformate, which is then reacted with a polyamine, in
which case R, is a residue of a polyamine.

In an embodiment of the present invention, R, is a
residue of a polyisocyanate having at least two isocyanate
groups, and the polyisocyanate may be selected from aromatic

25 polyisocyanates, aliphatic polyisocyanates, cycloaliphatic
polyisocyanates and mixtures thereof. As used herein and in
the claims, the term "polyisocyanate" is meant to be inclusive
of dimers and trimers of polyisocyanates, for example, trimers
of diisocyanates containing a core isocyanurate ring.

30 Classes of aromatic polyisocyanates of which R, may be a
residue include, for example, aromatic polyisocyanates wherein
the isocyanate groups are not bonded directly to the arocmatic

ring, e.g., o,0’-xylene diisocyanate; and aromatic



20 chlorof ormate, which is then reacted with a polyamne, in which case R2
is a residue of a polyam ne. In an enbodi nent of the present invention, R2

is a regj a polyisocyanate having at least two is groups,
Fgpgl REYERRkSs

and the yanate may be selected fromaromatic 25 yi'socyanat es,

al i phatic pol yi socyanates, cycloaliphatic polyisocyanates and m xtures
thereof. As used herein and in the_c%ans, the term "pol yi socyanate" is
meant to be inclusive of dinmers and triners of polyisocyanates, for
exanple, trinmers of diisocyanates.containing a core isocyanurate ring. 30
O asses OB GREYF 15 Vﬁgﬁ% ﬁ%‘[eeé58?ymt€hgfﬁu%frﬁeggm¥?ée]si due i ncl ude,
for exanphfreanonas ithepakyphsoOry anagese WNer eefzehd aliiisoeyanate groups are
not bonded directly to the aromatic ,ring, e.g. a,a'éﬁylene di i socyanat e;
and aromatic IFIFPrE5320 PEFALSHF 3454 ?naﬁﬁ% PPYLRY Frifc¥8 ker ei n t he

i socyanat @-giRupsnd@ée dieadety «H reet hyodL ittheing orexdt Weith g, mey e benzene
diisocganate., Exanpl es of aromatic po!yjsoc¥anates havi ng i1 socyanate
gr oups® bohd&FidrretitiPoeo PRk 2HOMRET L1TH55G T6f RIFTEHSR® nay be 5 a

residue igcididoanbid, atdyighehilnkeditsocphany! engprdbl speyanae,
et hyl phenyl ene dii socyanate, |sopropyI$henerne di i socyanate,

di et hy| pkerfipcyasatr i SGOghRutrRhenyilePRyIbifaTYREARS . dlcsbryrbrprdene
di i sopropy] phegubene diiliSes¥aNAlMenyt EhdBENKLBEAZANE triisocyanate, benzene
triisocyanate, 10 naphthal ene diisocyanate, nethyl naphthal ene diisocyanate,
bi phenyl uFimssbyahenzencotthbseiangithe BRIZAGCy ARbBt¥OCYAPAte, di phenyl met hane
dii sogyangl thfa'%égé- - ts'@%}rélé}été.,SWﬂQiaﬁ%%gﬂeﬁg%iQ%% anate,
bi s(i socyanat op enyI?@ihy ene, 3,3 - dlnethoxy-blphenyV-4,4 -di i socyanat e,
tri phenyl mixteayé db5isgdviapetyanetéo-pol ydiere didsdeyatigsheny! 4kt hane
dii socyangt &, ARABOLNA GReLLS0cY aaL & fiRheny! met hane- 2, 4, 4" -
isocyanatophenyl)methane, bis(isocyanatophenyl)ethylene, 3,3’-
dimethoxy-biphenyl-4,4’-diisocyanate, triphenylmethane
15 triisocyanate, polymeric 4,4’-diphenylmethane diisocyanate,
naphthalene triisocyanate, diphenylmethane-2,4,4'-
triisocyanate, 4-methyldiphenylmethane-3,5,2’,4’,6"'-
pentaisocyanate, diphenylether diisocyanate,
bis (isocyanatophenylether)ethyleneglycol,
20 Dbis(isocyanatophenylether)-1,3-propyleneglycol, benzophenone
diisocyanate, carbazole diisocyanate, ethylcarbazole
diisocyanate and dichlorocarbazole diisocyanate. Examples of
aromatic polyisocyanates wherein the isocyanate groups are not
bonded directly to the aromatic ring, of which R, may be a
25 residue include, but are not limited to,
bis(isocyanatoethyl)benzene, ao,a,0’,0’-tetramethylxylene
diisocyanate, 1,3-bis(l-isocyanato-l-methylethyl)benzene,
bis(isocyanatobutyl)benzene, bis(isocyanatomethyl)naphthalene,
bis(isocyanatomethyl)diphenyl ether,
30 Dbis(isocyanatoethyl)phthalate, mesitylene triisocyanate and
2,5-di (isocyanatomethyl) furan.
Aliphatic polyisocyanates of which R, may be a residue

may be selected from, for example, ethylene diisocyanate,



triisocyanate, 4-nethyldi phenyl nethane-3,5,2',4",6' - pentaisocyanate,
di phenyl et her diisocyanate, bis(isocyanatophenyl ether)ethyl eneglycol, 20

bis(isocg%ﬂﬁhgggenylether)-1,3-propyleneglycol, benzophgggﬁgﬁpgkh§ocyanate,
'S I'C

car bazol yanat e, ethyl carbazole diisocyanate an orocar bazol e
di i socyanate. Exanples of aromatic polyisocyanates wherein the isocyanate
groups are not bonded directly to ghg_gronatic ring, of which R2 nay be a
25 residue include, but are not limted to, bis(isocyanatoethyl)benzene,

a,a,a ,a -tetr t hyl xyl ene diisogcyanat .
1, 3- bi s(| E’FH%%%Q(ESP%-‘QH?QFW‘%’%%yl )%&ﬁrﬁ%%é’}en& FHLSEPRART obut y1 ) benzene,
bi s(i socypaairraihyhe naphbtbhabens;, biséhsnoyanat eneddeybhdtphenyl et her, 30

bi s(i socyanat oet hyl ) pht hal ate, nesitylene triisocyanate.and

2,5-di (i s’a%w?éﬁléﬁ-(ré?‘gﬂ‘)lﬁ&%ﬁ?at% i%%af?ld“eﬁ&y P%‘Z%élﬂéio%’faWFCh R2 may
be a resigdug smayihecseliRchad &1Qmcvhastexamplbaetitudeene dii socyanate, WO
01/ 42321 PCT/ USOQ 34224 8 trinethylene diisocyanate, tetranethylene

di i soc§anatEccyREREfFet A énat BHTSSYY A% Chyd £aRe TyI°EKB 4T socyanat e,

nonanet hy} epe diyh80e¥aati@sodynatdi, Met Hyd NRAGLAREnF drsoCyanat e,
2,2,4-trinethyl hexane diisocyanate, decangethylene 5 diisocyanate,
2, 4, 4, - t r EREtRAVRER BRRtINB-EheserYadgt Patat S ocYrngt ametiiydeear@tS i i socyanat e,

1’3’6?hexgpﬁgJDHrgRgth§fjﬂ,%Q§Y§§€gf§nato—5—(isocyanatomethyl)octane,
1, 8-di i socyanat o- 4- (i’ socyanat onet hyl ) oct ane,

2,5, 7- t r i bt hidocyaBakbe uydy andERATBECr SbEy eif@CyRBR YA YN oee arRest. 2-

bi s(| ﬁecyfyééfaqafexg}a r30Rake; s Ni,Shh 8 0RYANRALEE! NV J:81REE sod/aHate

i socyanat opr opyl - 2, 6-di | socyanat ohexanoat e, |ysinediisocyanate nethyl

est er andmésiniinestelr sory diyaipepstippcyanates methyanesid¥odi ment of the present

i nvention, R2 9rf1 a%e%%g!iimén% rgfl @hé Ip].je%eﬁtrfﬁ\;eQEQOﬂf, 1@2 8¥C£9§ériaﬁhati c

pol yi socyanat €.
formula II is a residue of a cycloaliphatic polyisocyanate.

Examples of cycloaliphatic polyisocyanates of which R, may be a

15 residue include, but are not limited to, isophorone
diisocyanate, cyclohexane diisocyanate, methylcyclohexane
diisocyanate, bis(isocyanatomethyl)cyclohexane,
bis (isocyanatocyclohexyl)methane, bis(isocyanatocyclohexyl) -
2,2-propane, bis(isocyanatocyclohexyl)-1,2-ethane, 2-

20 isocyanatomethyl-3-(3-isocyanatopropyl) -5-isocyanatomethyl-
bicyclo[2.2.1] -heptane, 2-isocyanatomethyl-3-(3-
isocyanatopropyl) -6-isocyanatomethyl-bicyclo[2.2.1] -heptane,
2-isocyanatomethyl-2- (3-isocyanatopropyl) -5-isocyanatomethyl-
bicyclo[2.2.1]-heptane, 2-isocyanatomethyl-2-(3-

25 isocyanatopropyl)-6-isocyanatomethyl-bicyclo[2.2.1]-heptane,
2-isocyanatomethyl-3- (3-isocyanatopropyl)-6-(2-
isocyanatoethyl) -bicyclo[2.2.1] -heptane, 2-isocyanatomethyl-2-
(3-isocyanatopropyl) -5- (2-isocyanatoethyl) -bicyclo[2.2.1] -
heptane and 2-isocyanatomethyl-2-(3-isocyanatopropyl)-6-(2-

30 isocyanatoethyl)-bicyclo[2.2.1]-heptane. In a preferred
embodiment of the present invention, R, is a residue of a
cycloalphatic diisocyanate selected from, for example,

isophorone diisocyanate, cyclchexane diisocyanate,



Exanpl es of cycl oaliphatic polyisocyanates of which R2 nmay be a 15 residue
include, but are not limted to, isophorone diisocyanate, cyclohexane

di i socyanat e, net hyl cycl ohexane diisocyanate,

bi s(i soXHARH et hyl ) cycl ohexane,  bi s(i socyanat ocycl ohb%Y Py et Fane,

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

bi s(i socyanat ocycl ohexyl)-1, 2-ethane,, 2 20

i socyanat onet hyl - 3- ( 3-i socyanat opr opyl ) - 5-i socyanat onet hyl -

bi cycl o[ 2. 2. 1] - hept ane, 2-.i.socyanat onet hyl - 3- ( 3-

i socyanat“}%%%:)wsel-oé‘fafcg%%y%lnlastogﬁg?%?’- bi cycl o[ 2. 2. 1] - hept ane,

2- 1 socyandisatreddydnazopdehslocyahahexareyl ) - 5- 1 socyanat onet hyl -

bi cycl o[ 2..2. 1] - hept ane -i socyanat onet hyl - 2- (3 25 B

oty anatist TR eSB! Bre S s R orehonsary

2- i socyangbopespyte, 3l 8{1isas)panabopslapykyl b-(,2-ethane, and

i socyanat get hyl ) -hi cyclo[ 2..2. 11- hept ane, %I sqQcyanat onet hyl - 2-

(3-i so%yé’HéFBﬁ?%p%ﬂe)‘)-égf( 2 WREEc farst Gef BsA u-eology%lCgl[lf.of?’ffgt%’epﬁ%}?e and

2-i socyanat aneydyda13phdtisatiiabal oy ) of-4ehe3@1 formula II is

i socyanat oet hyl )-bicyclo[2.2. 1]-heptane. In a preferred enbodinment of the
present iwention, Rz is a residue of a cycloal phatic diisocyanate

selected fr OmCIf:—,tQEe@W%lo@yamir%wl&Qr Re-KiIR, SRGY aRabkereSyrleghexane
di i socyanate, WD 01/42321 PCT/USOQ 34224 9 nethyl cycl ohexane

di i socyari@cdude bj JISbEy RAVGTEEAY )Ty OPaReX B yamines,

bi s(i §pcyRRALCYHANexYb) PRiihaRe, ciirs Ga%@ﬁ%%@h%%ﬁ' ohe ot kmrg, 2- propane,
bi s(i socyanat ocycl ohexyl )-1, 2-et hane, and m xtures thereof. Wen R2 is a
resi due ciiaedi iawtyanbeess dherechs dscyél Badiphgt tie dffiddegfanate, j of

general TQLAULA, IdoiSsolyadd:@esase Alyfoby eyl fies-0bahi o die May be a
residue, include, aromatic pol yam nes, aliphatic polyam nes, 10
cycl oal i pleatreeppulijpanpatsaniarc Rracws say sahay g ttwower preye Py imary
amine groups. Accordingly, specific examples of polyamines
15 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
20 more allyl groups. The mono-hydroxy functional material of
which R, is a residue is free of acryloyl groups and
methacryloyl groups. The allyl group may be an unsubstituted
allyl group or a substituted allyl group, as represented by
the following general formula III,
25 IIT
H,C=C(R,) -CH,-
wherein R, is hydrogen, halogen or a C, to C, alkyl group. More
typically, R, is hydrogen and consequently general formula III
represents the unsubstituted allyl group, H,C=CH-CH,- . More
30 specifically, the allyl group of the material having a single
hydroxy group, of which R, is a residue, may be an allyl ether,

an allyl carbonate or an allyl ester group. The material of



amnes, and mxtures thereof. As is known to the skilled artisan, _
pol yi socyanates are typically prepared fromthe correspondi ng pol yam ne

precursogs ,ng two or nore primary am ne groups. Accogdi pecific
exanpl es ofoq%%%zgam nes 15 within these recited cl asses {l;‘%%fﬁ%lgé?zzgut are

not limted to, polyam ne precursors corresponding to those
pol yi socyanates as recited previously herein. Wth further reference to
general formula Il, R is a residue of a material having a single hydroxy

group and_.on r.2 re.allyl.ar . Th nQ- hydr o functional
mat eri al ‘”c’)lii)lc\(/%n%&hlsR,(‘)’1 ?gs%tdl%eeéci ﬁgaﬂjs}p rageagf{r%acsgyloéﬁlaig;%/yc}uﬁ%ggﬁd
nmet hacr yl esdupgr oups. The allyl group may be an unsubstituted allyl group

or a substituted allyl ou as represented hy _the, follow ng general
formula 111, 2@‘% ImPngFﬁ%E:r@’%Rﬁ)mgﬂﬁg‘a\ihQ?'é?W%4OFSW]F%/‘E}} $yeht hal ogen or a
Cl to 4 addifuegneyifbe Metectéy mroal byomd¥did slbymdéngle:alﬁpﬁia@mseagg&/mz
eneral fo la 11l represents the unsubstituted ally roup, = -
9 l\/bre!; 30""%%3’8?15? C%’f‘f]ﬁaqfﬁga‘éﬂ ﬁL‘LCQPB% B e S éIFY%%Jﬁ)ng a single
hydr oxy ggdip ha®finghitcheRst i Snad @i dgsupgTB¥inBecabidlakYbnet her, an al |l yl
carbonate or an allyl ester group. The material of WD 01/42321
PCT/ USOQ B2t - - WHR™RIFF AT RFTETAC LIPSt PRV Hd 13F A&RS@tCl®east one

al lyl etheriyiggesie itheuaenombity drexiotf unGliiceRatc Matiakhaky AfnaMdn¢h R3 is a
resi due may be selected fromaromatic al cohols, aliphatic 5 al cohols,
cycl oal i phat-i'c *aftbREY, PRBRYA altkyl eAerRinzedl 8}cohkadehehavi iy at | east one

al 'yl 1gr oatpy12R¢b60801 RALLASS, dnfdekegf:y1E%aBPhese 9fox3bA0R41 ¢ al cohol s
having at |east one allyl group include, but are nof ' limted to, allyloxy
phenol , 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.

15 Examples of aliphatic alcochols having at least one allyl
group, of which R; may be a residue include, but are not
limited to, allyl alcohol, substituted allyl alcohols, e.g.,
methallyl alcohol, allyl ethers of alkylene glycols, e.g., C,-
C, alkylene glycols, such as, ethylene glycol allyl ether and

20 1,2- or 1,3-propylene glycol allyl ether. A preferred class
of aliphatic alcohols, 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),
pentaerythritol tri(allyl ether), and di-trimethylolpropane

25 tri(allyl ether).

Poly(alkylene glycols) of which R, may be a residue
include, for example, homopolymeric, block copolymeric, e.g.,
diblock and triblock copolymeric, and random copolymeric
poly(alkylene glycols), such as poly(C,-C, alkylene glycols),

30 having a single allyl ether group and a single hydroxy group.
Examples of poly(alkylene glycol) allyl ethers of which R, may
be a residue include, for example, poly(ethylene glycol) allyl
ether, poly(1,2-propylene glycol) allyl ether, poly (1,2~



e.g., 4-allyloxy phenol, allyloxybenzyl alcohol, e.g., 4 10 allyl oxybenzyl
al cohol, and 4-allyl -2, 6-di net hoxyphenol. Cycl oaliphatic al cohols having

at leaStv&Fﬁﬂﬁ%hyl group of which R3 may be a residue i?@h@&@%%@%QI

exanpl e, Xymet hyl  cycl ohexyl net hanol s, e.g., 4-al
cyclohexylnethanol 15 Exanpl es of aliphatic al cohols having at | east one
allyl group, of which R3 may be a re 1dye i nclude, but are not I|imted
to, allyl alcohol, substltuted al |yl alcohol s, e g , methallyl alcohol,

I 1yl h of I I : gl I h :
2th§leﬁé %Fy%d?la fﬁ%y'gg éaﬁrl%?lygzuTg% 8p§?21e gY§gof afrgl =

ether. A pbeferxzainobassne yablrﬁﬁm]yi atne&mﬂgglyoi MpripyRenaay behaI I
resi due, oI et.hers i | yol i met hyl o
b opane. dBrPiY HieRey eeEiEae: W it e eRanb SHERN | BpLbihatpuetl s

pent aer yt Bui/tol) W-ipoal kythyather 1 yedid dﬂipII&&kﬁy|pbpyﬂﬂgﬂﬁen85 frg(alIyl
et her Pol y(al kyl en ch of which e a resjdue include or
exarrpl) e, ﬁ@)*‘i{)‘ﬁ]o)l MP?XQ 5’(‘,‘%{’&8’&@%@& a]el.%/l SRR ALKk and tri bl ock
copol yner p@ly%’é&ﬂ%ﬂéO@l}w()' -YIBo1E(1,RObYbg) FatHec By 8bYCA-phlySUCh as

pol y(C2-C, al kyl ene cols), 30 having a single allyl ether group and a
single hybPBX&e@ﬁoﬁﬁgny%gﬁﬁles of poly(al kyl ene glycol) allyl ethers of

which R3 may bﬁeapcsleﬂladuyléﬂ@@e}eolf0511%)1ageh§rs R Whethy engy abaycol )
allyl ether, ;1 2- propyl ene glycol) allyl ether, pon(l 2 MO 01/ 42321

PCT/ USOQY 3422%11@6 BVe Rl HeBRE gl FHBIIEDEI BBCTpRAES - pdIaH ERRYPEDe

gl ycoly)- bdlgawl(ekeZ mpe&ylaqrieflg&m&l )ha%l w& ?} h%&h POl (kndzPropyl ene
gl ycol ) -b-pol y(et hyl'ene gl ycol ) | yl ether, é{ 2- butyl ene
gl ycol ) - bupdr g t-1§yl eRE=FEGES ) ﬁ%ﬁ@b‘éﬂhe& p6W? &2 hiyl.elsges

gl ycol) - pr?&Y&f&f&ethgifggi ggyg§ﬂ)e€ﬂekyha§tfg§é @Hgn 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
15 may have a number of alkylene ether units ranging between any
combination of these values, inclusive of the recited values,
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
20 of which R, is a residue is 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. In
25 a preferred embodiment of the present invention, the material
of which R, is a residue is selected from poly(ethylene glycol)
allyl ether, poly(1,2-propylene glycol) allyl ether and
mixtures thereof.
The polymerizable organic composition of the present
30 invention includes also a radically polymerizable first
monomer as described above with reference to general formula
I, which may be further described as a polyol(allyl carbonate)

monomer. Polyol(allyl carbonate) monomers that may be used in



pol y(et hyl ene gl ycol)-b-poly(1, 2-propyl ene glycol)-b-poly(1,2- butyl ene)
allyl ether. The poly(al kyl ene glycol) allyl ethers of which R3 may be a
resi due have at |east 2 al kyl ene ether units. For exanpl Let hyl ene
gl ycol a‘f’?f)fmé?]ner has two (2) ethylene ether units, i .Pecg/qéb?/3‘g3‘g=mm20
(-CH2CH2-O) 2-H . Typically, the poly(alkylene glycol) allyl ether has
| ess than 100 al kyl ene ether units, £29., less than 50, |ess than 20 or
| ess than 15 al kyl ene ether units. The pol y(al kyl ene glycol) allyl ether

15 may havygeas fuilR:ceibad KiGher£1difle URELSid 2B8HHS: DRIMVEeR &lTY,1
conmbi nation of these values, inclusive of the recited values, e.g., from2

to 100, 2cpsbogptes pd, 2bpprexpmpye 15LigIeRY| ehdragched #hiRP$tifn an enbodi nent
of the presept:dnventiog i dihe:FaLeFddl bi2PaofyWaheHoRd)s a residue is

sel ected ?r o{r}n a 'C2- %d'al klyFI; enéga%g%col él I?/I yet her,oa pol y(C2-C, al kyl ene
gl ycol ) alcbyboendsor andt eyehsabbat 1t meaneldi ( dheyEcephead) theri net hyl ol

et hane ; di SIABE) or, RARASEYE A Q1131 | dAbohl e &8 NS aroffie
trimet ﬁyl g%%%%%%nl?’?r H%rf ?] etﬁer ang mglxtures ttr:lereof ) ’rlon 215c a preferred
enbodi nenpodfoihe epoesehts inventopylidehediphteardlabis6dldli ch R3 is a residue
is selected fro oly I t , 2- propyl ene

gl ycol) alcfi#oré{@hegr' a%gég%‘im%;ilﬁpg%yﬁ%é)r ggg.ul%g%pg%ﬁre%oéz%% e organic
conposi t i ansafutdredppeserdrbad@tenventbiodmol sicleudes algwols.r adheal |y

pol ymer i zab&e {Lr St,; monomer smgesn%rri ged aéoovr% \évirtg ref erence to gener al
formula POLYRT B Way CBEP R Che FOHESEr MBE AL PR o APV F EaFbonat e)
nononer. Relyokdddd yh eias banat e) gnpremaesctitsdd mayvbe. tsedntas WO 01/ 42321
PCT/ USOQ 34224 - 12 theO af or3edescri bed pol yneri zabl e organi ¢ conposition
are al lyl 2 24f ptaf8€ 6f4°%dr3exanpl e, linear or branched aliphatic

In reference to general formula I, R, is an allyl group,
which may be described with reference to general formula III.
The allyl group R, of general formula I may be substituted at

15 the 2-position with a halogen, most notably chlorine or
bromine, 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.
More commonly, and with reference to general formula III, R, is
hydrogen and consequently R, of general formula I is the

20 unsubstituted 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
or cycloaliphatic polyol, containing 2, 3 or 4 hydroxy groups.
Typically, the polyol contains 2 hydroxy groups, i.e., a

25 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
from 2 to 4 carbons atoms, e.g., ethylene glycol, propylene
glycol, trimethylene glycol, tetramethylene glycol, or a

30 poly(C,-C, alkylene glycol), e.g., diethylene glycol,
triethylene glycol, etc.

Specific examples of polyol(allyl carbonate) monomers

that may be used in the present invention include, but are not



polyols, e.g., aliphatic glycol bis(allyl carbonate) conpounds, and
cycl oal i phatic polyols. The scope of the 5 present invention also includes

al |yl of aromatic polyols, e.g., 4,4 -i sopr f‘z% phenol
bi s(all?‘&B%car ggnat e). These nononers may further be descrlf'{l)eg)Si

unsat urated pol ycarbonates of polyols, e.g., glycols. The pol y_oI (allyl
carbonate) nononer may be prepared byl3pr_ocedures 10 well known in the art,
e.g., as described in U S Patents 2,370,567 and 2,403, 113. In reference

to general;fardaika, Ieu@heha ery&hl xsllsgﬁo&piom\y@wb IPYRg-descri bed with
reference to general fornul The allyl group Ri of general formula I

may be supstyianeedlntol PIsthtlyl esernakre w tdheéhhbﬁr@gGﬁyC%sblﬂ@tabl y

chl orine , Ky, i 1 or 4 e.g., 1to
2, car bonﬂé%rgrr%%mllpﬁ ca&lrbéﬁggg}se &ﬁe&ﬁgygngﬁ% ti ?u?gsd g I%I group. More

commonl y, carkpnaiteh, r'eﬁla‘télméenﬁ o lgeedr Bis farimil aatbdnatlé , i Brogyiénegen and
conseqy Cl_éiycﬁ\ll\}ﬂ% 51&% M3 ohat §) L e 52 a!s'ﬁﬁ‘ér}%i 'ltH}.g%lal\)lel group,

H2C=CH- ce to genera forrm isap al ent
resi due ofawbqueityol ,uﬁmb@lhauatholf dmséxhlm?l earbenate)al iiphatic or

cycloal i pb\?éénedgghzlg%sr (chggrﬁoaw.l aréonateéSh&?éQ%%/yl%ﬁﬁ §f¥%eTypl cal | Y t he

pol yol contalns X rou pol yol is an
al i phat i cbjpolaidlyl fcarmtbe tt:rm@ahymené)rﬁm:bedbﬂmdz -eahty Al flIr om 2 to 10

car 000 2L olBpp bR Dtk AP DB RN P S hiene, glycol having
trimethyl e;nﬂcgie;ceﬁédldlebﬁammrml ejaebghg(@eql ,anﬂl’4a4'30 pol y(C2-C, al kyl ene
gl ycol), |.ene C yl ene coI etc. Specific
exanpl es bﬁogpp'&PyEF%%’Y %scc\,’g %}b f’rb?n%ﬁ?d‘r@ Cf‘ ‘be used in the
present inventa cpacelfaekaﬁiepollwu Al By NQHa r¥oh dd) 42%213;m£’£3Ti/rU$@1Q/ 34224
composition of the present invention is diethylene glycol
bis(allyl carbonate). Commercially available examples of
15 diethylene glycol bis(allyl carbonate) monomers include CR-39%
monomer and HIGH ADC CR-39®° monomer, Chemical Abstracts (CAS)
No. 142-22-3, available from PPG Industries, Inc.
A detailed description of polyol(allyl carbonate)
monomers that may be used in the polymerizable organic
20 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.
As used in the present description with reference to the
25 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.
30 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

weight, based on the total weight of the polymerizable



- 13 limted to, ethylene glycol bis(2-chloroallyl carbonate), ethylene
gl ycol bis(allyl carbonate), diethylene glycol bis(2- nethylallyl

carbonatﬁb H% ihylene gl ycol bis(allyl carbonate), trifg (@ ,gl yco
bi s(all Q&Y onate) propyl ene 5 glycol bis(2-ethylallyl car onate)

1,3-propaned|ol bis(allyl carbonate), 1, 3-butanediol bis(allyl carbonate),
1,4 Dbutanedi ol bis(2-bronoallyl cangnate), di propyl ene glycol Dbis(allyl
carbonate), trimethylene glycol bis(2-ethylallyl carbonate),

pent amet hé‘&ﬁﬂ%i%%ﬁ?' Cahly! GRr Bgfﬂ%f&anyl%;&o% Lohgxanedi ol
bi s(al Iyl carbonate) 4, 4"~ isopropyl |deneb|scyclohexanol bis(al |yl

car bonat e}s pxoseetetr erdmep@pyme(@mawecmmmpnmmr pr@serie conposition
of the prﬁﬁ%}&loﬁvg@taxp%eﬁn | & 1yl 90g. 01 oﬁ%erca!lé( Ll fiar bonat e) .
a a t hyl o B

Conmrer ci a val | abl e exanpl es of dle ene glyc Is(allyl
carbonatepreﬁﬁn@bévsatrﬂﬁa@de9EIPé%yﬁny bﬂTWﬂmgat aﬂmﬁ}mdad pEEfé}abag(r)

m)nomeg a%%l X%bdé% %%%) ht baé‘ecf on \a/ﬁaéill %gl el'lt.'b()%?t PPG

Industrles escription e)
nononer s tlheatpoﬁ:aylebezamm cpmp@dfﬁalpml yrmlsczahxlhe poyar e1291 conposi tions of

the present_.i nv |on be found.in U S. Pat .4 637,698 at col umm
3, line 3%a?%roug% é¥ 5% txplcaIEX T [ Cg63635@°§1%§?56§

i ncor porai:echntm)anteéerrmmg;reaaénd UI&nSBHTmrpdk@dnabW&zeléhtused in the present
description with reference to the 25 radically poly nerlzqgle nononer
represent%ﬁfﬁgfagéﬁe?%ﬁ FEFHETF a hﬁn 9Phd ?%ﬁ?ﬁntp%Yy¥ﬁR%9th?n dP6nat e)
mononeo” gk driak@y Nede reateg. thati @bhyl gnecakysp! wdiightal bysecanbonate), is
intended to nean and .include the naned nonomers or prepolyners t her eof and

any rel at B moh8heYS B Pl gbhe P Y yBET LRISh CRPRRH tH&rei B2 30 The
pol yol (al pylycnasbopat @yrpaRao8e mdnsmpE 668N tbel Brébent pel ¥ARri zabl e

composi ti ggmp(z)fsﬁ:rl]gn pgfest:%gt p;:Q;/eenQ:t Il(l?lpfell'll?loaﬁ q?ﬂ (a)ur1 amount ranging
between any combination of these values, inclusive of the
15 recited values.

Polymerization of the polymerizable composition of the
present invention may be accomplished by adding to the
composition an initiating amount of material capable of
generating free radicals, such as organic peroxy compounds,

20 i.e., an initiator. Methods for polymerizing polyol({allyl
carbonate) compositions are well known to the skilled artisan
and any of those well known techniques may be used to
polymerize the aforedescribed polymerizable compositions.

Suitable examples of organic peroxy compounds, that may

25 Dbe used as initiators include: peroxymonocarbonate esters,
such as tertiarybutylperoxy isopropyl carbonate;
peroxydicarbonate esters, such as di(2-ethylhexyl)
peroxydicarbonate, di(secondary butyl) peroxydicarbonate and
diisopropylperoxydicarbonate; diacylperoxides, such as 2,4-

30 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



anount, e.g., from51 percent by weight to 99.9 percent by weight, based
on the total weight of the polynerizable WD 01/42321 PCT/ US00/ 34224 - 14
conposi t ically, the polyol(allyl carbonate) nono pesent in
t he pol y{r}'e%r}{”z‘%‘éﬁe conposi tion of the present invention ?ﬁfaﬁdoz‘?r%unt of at
| east 90 percent by weight, preferably at |east 95 percent by weight, and
more preferably 5 at |east 97 percent,dy weight, based on the total weight
of the polynerizable conposition. Also, the polyol(allyl carbonate)
nononer I Ly sp | of not
greater t%atrzlygég&g S)é(riclireﬁ%& ypbpo%ﬁ%oq}gg? géée% a%@;shg%?@%rlz{g? g?&than 99. 8
percent byewexifs,, agatyiavcdohexprefarldbhyl murogidat eand han 99. 7 percent by
wei ght, g%gg Horlb8: <§r91taf111@6' OPe Al Ll A ABLL 220 GyBQUPORIL T ON.  The
pol yol (al carbona nonomer may be present int conposition of the
present i rivsemt; aglisicnlan ErDuRbul ey ngolbetmigatieany? qomfengedon of these
values |ncIu5|ve of the 15 recite l. |ymerization of the

pol yrrerl zabi e coorrp05| H)SnOpoPpYIfl Idox geﬁ%%ljor{l\jgntl on nmay be acconplished by
adding to the Thermmﬁmn:l ofi :amulmtbramsiemg tambuintiafe matepelpmesapabl e of
generati nghfre r adi, cal such Las. or a err%é?éngogp e%r%qsh %0 i.e., an
initiator. 8’5‘53‘5?‘ SOISYARPT 21 15508 yoli’%) car bonate) "tonposi ti ons
are wel |l kaswnaid wibe Sé@éridednatlﬁé mtlaﬁuananyn@ﬁatdsnoweml | okowWn

t echni ques. may be used G{ze t he af oredescri bed gglymsri zabl e
conposi ti 6R3F aﬂﬁuflébl:}éateiﬁ Fg 1019 SPgaRt B P 6% THHEEh that may 25

be usad a@oﬂ.ﬁhéﬂl&b@ﬁSnlf&{diden peraxguieeacai kanake ﬁS:ittﬁJ’aS:,lngSUCh as

tertiarybutyl perox |soprop§ car bonat €; eroxydi car bonat e esters, such as
di (2- et hyPREWt) WhERo3GRCAr bBnHi% PrET EEE rP(T&Pifyb‘Eﬂ'%H‘ﬁunﬁer oxydi car bonat e
and diisopropyl peroxydicarbonate, typically between 2.0 and 5.0

parts of that initiator per 100 parts of the polymerizable
organic composition (phm) may be used. More usually, between
15 2.5 and 4.0 phm is used to initiate the polymerization. The
amount of initiator and the consequent cure cycle should be
adequate to produce a polymerizate having a 15 second Barcol
hardness of at least 1, preferably, at least 4, e.g., from 4
to 35. Typically, the cure cycle involves heating the
20 polymerizable organic composition in the presence of the
initiator from room temperature to 85°C over a period of from
15 hours to 30 hours.
Various conventional additives may be incorporated into
the polymerizable composition of the present invention. Such
25 conventional additives may include light stabilizers, heat
stabilizers, 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
30 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



di i sopropyl peroxydi carbonate; diacyl peroxi des, such as 2,4 30

di chl orobenzoyl peroxide, isobutyryl peroxide, decanoyl peroxide, |auroyl
per oxi deg,oqﬁqugpnyl peroxide, acetyl peroxide, benzoyl pefa%letG224

p- chl orobenzoyl “peroxi de; peroxyesters such as t-butyl peroxy pival ate,
t-butyl peroxy WO 01/42321 PCT/ US00/ 34224 - 15 octylate, and

t - but yl per oxyi sobut yrate; nethyl et hyl ket-one peroxide, acetyl cycl ohexane
sul fonyl peroxide, and azobisisobutyronitrile. Preferred initiators are

t hose thatcnafos ¥rcdnsCHY GFeilghe, ressdd oRgc ROl dorani valehe Arpeaterred 5
initiator is diisopropyl peroxydicarbonate. The anount of initiator used to
initiate BRYYBOTIAPELPZEC™RIFE 558 ymeri zabl e conpositions of the present

i nvention may pgayryeﬁm@t\ggl'J;bm@dfgantg}gyggﬂiggﬂcﬁ\lr ofnitiator used. Only
that amount that Is required to initiate and sustain the 10 pol ynerization
reacti on PSLYBiizadde PreEanicyforppsitdonfigot drsuREeseRt hivesséer to the

pref er rsed Rei OXy LATAOURLLnsirk S0 PARPEpREL XA GaE bonale 1ti5¥9ﬁ%a| ly
between 2.0 and 5.0 parts of that initiator per 100 parts of the

pol yner i z&BEectar g &Rt éd dFGIeEi Bre Fiay) Peegrdpargdefirompie usual |y, bet ween
15 2.5 and 4.0 Phimchs USRshdi@ bRk iRt t ps?e@% quﬁgﬂrpqn&n@e, amunt - of
initiator and the consequent cure cycle shou J be adequate to produce a
pol yneri zave #es/ineg§ dinbrebdondoBaresd! lehagsinevshofs apldnmasndl, preferably,
at least doneninid 10, (Ln3FenddPiGAklar I8 LCULEnyfl € 1 1VOI ves heati ng
t he 20 pol §rrer|za | e organi c conposition i the presence ‘of the initiator
f r om ridomatieapetiateuteanspBSBciver @ Pper wodddwfiefldem sidelhgints &wd 30 hours.
Various ¢ ,qonal [ L] incorporated into the polynerizable
conposi ti ggxg?{#}%%'p?gggén ﬂc:é%\%gg?%/%r%%aﬁg lep%S eté:gﬁventi onal additives may

i nclude |ight Fhabpteseertsinheatiion is more particularly described in

the following examples, which are intended to be illustrative
only, since numerous modifications and variations therein will
15 be apparent to those skilled in the art. Unless otherwise

specified, all parts and percentages are by weight.

Casting Composition Examples

The following summarizes polymerizable casting
20 compositions that are comparative and compositions 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.



stabilizers, ultraviolet |ight absorbers, nold rel ease agents, pignents
and fl exi bi lizing additives that are not radically polynerizable, e.g.,

al koxyl a§ pol benzoates and poly(alkylene glycol) gdibeasa S.

Convent i onal1 sbgdl tives are 30 typically present in the C%Errpoa t?%ﬁs of the
present invention in amounts totaling |ess than 10 percent by weight, nore
typically less than 5 percent by weight,- and commonly | ess WD 01/42321

PCT/ USOQ 34224 - 16 than 3 percent by wei ght, based on the total weight
of the pol yrrerl zabl e corrp05| tion. Polynerizates obtained from

pol ymeri zatiof—c C :
invention 5 wll be soI id, transpgren"tlp N0 u%stantl aI |y free of tinting
defects. Solid articles that may bé prepared fromtne potymerizabl e
conpositions of the present nventl on i ncl udeé but are not limted to,
optical |epses. _such as pl anb e 6@% hal m_c“3%6n8%s, sunCPEHSEs or

sungl asses, B9 ndows, 10 automtl \/p SCrafspar Sﬂ'&qogétloél CO\WP?ﬁﬁﬁ?‘él ds,

si del i ght—s—aﬁd—baeﬂ—rgh%s—}ﬁd—mﬁkaﬁ—FPan%p&Paqekes—epe—Ihe_present

inventionchs;JPLERALL tgul arly desgribed in the follow ng gxanples, which
are intended to be i1llustrat{ve only, since nunerous nodi freati ons and

vari ationgiidgreha W Il 15 be apparent to those skilled in the art. Unless
ot her wi sepesfgaiddr®natal kp)parts andspercent ages gre by weight,, Casting
Conposition Exanples The fol | owi ng sunmari zes pol yneri zabl e casting 20
conposi ti easnvhadncaee @onpar ati ve and conposi tiions that are d n accordance
with the present invention. Casting conposition A is a conparative
conposi ti éscondnerreast i (dy conpositi @ns B and C pepresent conpositions
according to the present invention. WO 01/42321 PCT/ USQOQ 34224

5 (a) CR-39® diethylene glycol bis(allyl carbonate) monomer

available commercially from PPG Industries, Inc.

(b) In each of casting compositions B and C, the level of
diisopropyl peroxydicarbonate initiator was adjusted such that
10 tinted polymerizates obtained from these compositions had
substantially the same percent transmission as tinted
polymerizates obtained (under the same tinting conditions)
from composition A, e.g., having about 35 percent
transmission. The percent transmittance was determined using
15 a HunterLab Model ColorQuest II colorimeter employing the CIE

Tristimulus XYZ scale, illuminant D65 and 10°C observer.

(c) Diallyl urethane monomer obtained from Sartomer Company,
Inc. and having the designation NTX-4434.

20
(d) Tetraallyl urethane monomer obtained from Sartomer

Company, Inc. and having the designation NTX-4439.



- 17 Casting Conpositions Casting Casting Casting |Ingredients Conposition
Conposition Conposition A B C CR-39(r) nononer (a) 100.0 99.0 99.0

di i sopr I xydi carbonate (b) 2.6 3.0 3.2 Second 01.00
Second 3%8?%@55‘?@ 00105 (a) CR39(r) diethylene glycol |s{2aflyl

carbonate) nononer available commercially fromPPG Industries, Inc. (b) In
each of casting conpositions B and C,gthe level of dii sopropyl
per oxydi carbonate initiator was adjusted such that 10 tinted pol yneri zates

obtained fromthese conpositi@gs, hﬁ&éﬁgﬁﬁﬂé ally the same percent

transm ssion as tinted polynerizates obtalined (under the same tinting
condi tions) lemnqa@npnsiQCiﬂm@SAti@lﬁg A -havvere shobt mBEdatcenem

L Fansm S5t O LG ROLE L LERDS e %@Qe&rgﬁﬁﬁgeﬁg@ NedsUnb ik e Hunt er Lab

Model Col or Quest er e oyl ristinmulus XYZ scal e,
iIlum nanto Izﬁ&pamd dCGbset ymyes e )umyaa I+ysl dieptdrarednmenorererobt ai ned from

Sartoggly éte%rg% a@d haVLﬂ%é ghe %nat hSlhd agré4§411%%Qa@d)

Tetra ure ane. nonorer Cobt ai ne oner and
havi ng the thesd gnat tion INEXn4&39s Méfﬁv&&ﬂhs?@'/ﬂﬁo&hﬁé%dre - 18 Cast

Lens Exa Th% castllen% rrposel .ons Ved X enach dxed at room
t enper at u gla% FAf eSS %’Sg‘éraﬁ 8 RS gg\é\eﬁl%ns Pg]s Sused” to prepare
circul ar éﬁét&ﬁichawr@gi aitbodéwplrestagées affiropuk 8PC to 85 °C over a
period of 18 hours, followed by cooling to and holding at 60°C
10 until demolding of the lenses.
The cast lenses were then tinted by imbibing them with a
black dye. An aqueous tinting solution of 1 part BPI®
Molecular Catalytic™ Black Dye, commercially available from
Brain Power Incorporated, and 10 parts deionized water was
15 heated to and held at a temperature of 94°C - 95°C. The
lenses cast from casting compositions A - C were fully
immersed in the heated dye solution for a period of 5 minutes,
after which they were thoroughly rinsed with deionized water.
The tinted lenses were evaluated for tinting defects, the

20 results of which are summarized in Table 1.



5 rimdianmeter of 6.5 cm Twenty (20) lens nolds were filled at a tine and
their contents polynerized using the same cure cycle. The cure cycle used
i nvol ve the nmolds in an electric forced air ov es from
48C to g{ggg?,té%;gg a period of 18 hours, followed by coolﬁlﬁ@g@ggg hol di ng
at 60C 10 until denol ding of the Ienses The cast |enses were then tinted
by imbibing themw th a black dye.. Ag aqueous tinting solution of 1 part
BPI (r) Mol ecul ar Cat al yt| CTM BI ack Dye COMmer Ci aI |y avai I able from Brain
Power | n ;

at a terrperature of 94C - 95C The renses cast from casti ng conposi tions A
- Cwere fully imrersed Evaldmilbeabedrihitedsneéngeson for a period of 5
mnutes, ——after which they were thoroughly rinsed with deionized water.

The tinted |l enses were evaluated for tinting defects, the 20 results of

whi ch ar ecasfRr i Z@duinberTabl Bnted WObed 253241 REE USODL3424240r - 19 TABLE 1
Eval uat i otonpbsiliibh @dehsiis @8altaséd NgrMsabatavirhg Ti Nt ed Thhydaereaks Ti Nt ed
Percent of Conposi|ti on Lenses Eval mattedg lbefses KHavi rgvikigntsdihenses
Tinting Defects (e) Having Tinting Defects (f) A 228e&¢t25(£)B 529 30 5.7

C 436 23 5.3 5 (e) The lenses were evaluated for tinting defects by neans
of visual nakkd eye inspe€t#on. Tinting debects were obser¥ed as having a
| i ghter col ored veiln or fern-like appearance relative to the rest of the
tinted lens. 80 (f) 100 x°tfhe number of t#hted | enses observed to have

c 436 23 5.3

5 (e) The lenses 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.

10 (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 (%).

15 The results summarized in Table 1 show that articles,
e.g., lenses, cast from polymerizable compositions according
to the present invention, such as Compositions B and C, have
fewer tinting defects than lenses cast from comparative
compositions, such as Composition A.

20 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
the scope of the invention except insofar as and to the extent
that they are included in the accompanying claims.

25



tinting defects / the nunber of tinted | enses evaluated). For exanple,
Wi th casting conposition A: 100 x (57/228) = 25 percent (% . 15 The

results %ma%ied in Table 1 show that articles, e.g. ,géﬁﬂg@?&mqast from

pol ymer i npositions according to the present inv Such as
Conmpositions B and C, have fewer tinting defects than | enses cast from
conparative conpositions, such as Cogposition A 20 The present invention
has been described with reference to specific details of particular

enbodi mentg ther egf L {$. not intended that such details be regarded as
limtations upon the scope of the invention except insofar as and to the
extent that tReyRapelymesladlele iqpmpheiticwopeanyisne| ai ns. 25 WO 01/ 42321

PCT/ USQO/ 34224 - 2 i i i s: . I r onposi tion
conprising: (a) a ngflz)yg]gﬁ?guo%t gllg a ?)afd?cﬁ%ﬁ/é&g&yég?ﬂ%%%&% rst nonomer
represent édrby mdmnegl repwarpngedebnl tfeofpll ayind gRnefalD-fOrmdla, O R1] ;

wherein Ris a polyval ent residue af pal yol having at |east two hydroxy
gro_upsf% Rl is an allyl group, %ng ? (ljgma(gvvl%gl‘e nunber from2 to 4; and (b)
a mnor ambenéimfR dsradpchhiajepol yaerdueabEea ddl ysécbadimpranmeeasepr esent ed
by the fol

| ow n eneral formula, O,11 R2--~-NCQR3J Hwerein RZis a
pol yval enttwf);,\%ﬁg‘nog(yg%ﬁ%p%’hgﬁ 1% FY gé}%* IRy hahd 1 iMFkBgERIR3 is a
resi due ohusbsnt®idmab bavd Ngnad
(b) a minor amount of a radically polymerizable

10 second monomer represented by the following general formula,

O

Rz—EN—lcl:—o——R3 ]
i j

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

15 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

20 composition is substantially free of tinting defects.

3. The polymerizable composition of claim 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

25 on the total weight of said polymerizable composition.

4. The polymerizable composition of claim 1 wherein R,
is a residue of a polyisocyanate selected from aromatic
polyisocyanates, aliphatic polyisocyanates, cycloaliphatic

30 polyisocyanates and mixtures thereof; and the material of



singl e hydroxy group and at |east one allyl group, R3 being 15 free of
uret hane |linkages; and j is a nunber from2 to 4. 2. The polynerizable

conposi t{.’v%rblf?t%z?l aim1 wherein second nononer (b) is pr?éﬁf}%oo%ﬁhzﬁai d
conposition 1 an amount at |east sufficient such that a polynrerizate of

said 20 conposition is substantially free of tinting defects. 3. The

pol yneri zabl e conposition of claimz2 2therein said second nononer (b) is
present in said conposition in an amount of from 0.1 percent by weight to
10 percenthbyh \vigi Dhitg Heasede 2 Grletheed drain, WergHit iaf asaviblegl yneri zabl e

conposition, 4. .The_pol ynerizable c ositjon of claim erein R2 is a
resi due oFThpl'b%tllﬁ %gf}% ‘e cggp%?e:jtlé’glg%“én?ia O&‘?gtgi' cpgllﬁ'o(la\}ik?@%’fz%nat es,

al i phat i cgpptylissqcyannties;ingyat opddgphahe CalBG/1palk-piys o at fcusdyd m xt ur es
thereof; and the material of WD 01/42321 PCT/US00/ 34224 - 21 which R3 is
a residue*PS'¥i‘ected from aromatic al cohols, aliphatic al cohols,
cycl oaki phati c al cohols, poly(al kylene glycols), each having at |east one

allyl group, and mixtures thereof. 5 5. The polynerizabl e conmposition of
cl ai m 4 wher ei f- RO $OLYPesh afpd of opPYIER 68| PHIFAGE di YRYG}EnEt e sel ect ed

from isophog ongidukSOLYARIEoa LHHRREXENE Sl a8 Y AL caNBEAY| CYCl Ohexane
di i socyanate, 10 bis(isocyanatonethyl)cycl ohexane,

bi s(i socyafeRRREPELoARKSAYFRRRANSYPiCHEKIRR yHIIEOEEFRhexyl ) - 2, 2- pr opane,

bi s(i socyapatPiyeh Bhexyld vtidoefdlane, and mxtures thereof, and j is 2. 15
6. The polynerizable conposition of claim4 wherein the material of which

R3 is14 rbssgirocvensereaiityd) Freleiexage, al kyl ene gl ycol allyl ether,
p0|y(C2'C%i@*f@dd@gﬁag$éggydhe§bi9ﬂethane, bis (isocyanatocyclohexyl) -

2,2-propane, bis(isocyanatocyclohexyl)-1,2-ethane, and

mixtures thereof, and j is 2.

15 6. The polymerizable composition of claim 4 wherein the
material of which R, is a residue is selected from C,-C,
alkylene glycol allyl ether, poly(C,-C, alkylene glycol) allyl
ether, trimethylol propane di(allyl ether), trimethylol ethane
di (allyl ether), pentaerythritol tri{allyl ether), di-

20 trimethylolpropane tri(allyl ether) and mixtures thereof.

7. The polymerizable composition of claim 6 wherein the
material of which R, is a residue is selected from
poly(ethylene glycol) allyl ether, poly(l,2-propylene glycol)

25 allyl ether and mixtures thereof.

8. The polymerizable composition of claim 1 wherein R is

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

30 9. The polymerizable composition of claim 8 wherein R is

a residue of diethylene glycol.

10. A polymerizable composition comprising:



ether, trinethylol propane di(allyl ether), trinethylol ethane di(allyl
ether), pentaerythritol tri(allyl ether), di 20 trinmethylol propane
tri(allyl ether) and mi xtures thereof. 7. The pol ynerizap ition of
claimé6 W?é’l”é?:ﬂ}the material of which R3 is a residue i%‘l"@%&;ﬁ%@ from
pol y(et hyl ene glycol) allyl ether, poly(1, 2-propylene glycol) 25 allyl
ether and m xtures thereof. 8. The pojynerizable conposition of claiml
wherein Ris a residue of a poly(C2-C4 al kyl ene glycol), and i is 2. 30 9.

The pol ynerizabl e cegposindier Shodlion 8§ Wiel&hlyRdSmezikgsidue of

di ethyl ene glycol. 10. A polynerizabl e conposition conprising: WO 01/42321
PCT/ US00/ 34p9% maonoper yepregepaferParfdenfobiovangadrearaly fosmypheri zabl e

first nmonomer represented by the tglt@yipgrgeneral formula, R [-OC (0)
-O-Rl] wherein Ris a divalent residue of a poly(C2-C, alkylene 5 glycol),
Rl is an aheyeinyRodp, aativdlens pesithve CB) 2 PRi6r-Candliftledr a radical |y

pol yner.i z e n by TERgse h | I owmi ng general formula,
Ol RON %9%???13)8 clg?mn%eggi %%l is aﬁdi %%(%gngﬁl %n%rfndg group that is free of
urethane 10 |inkagéb) R¥inoraaneyitded of radivaiéyimdlymevrinagbte singl e

hydr oxy I Il yl .ar ' bei f.r f. urethane

| i nkages; g%‘?}%&? erfbgloglér 1%. ﬁgﬂg%?yﬂr%rtflgag#goc@% o] %r?‘?roar% g? rc?%flp’m 10 wherein
15 said second nonomer (b) is present _in said conposition in an anount at

| east sufficient such that a polymsri| ate of said

R2+ITI—C—O—R3] |
u J

wherein R, is a divalent 1linking group that is free of urethane
10 1linkages; 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 2.

11. The polymerizable composition of claim 10 wherein
15 said second monomer (b) is present in said composition in an
amount at least sufficient such that a polymerizate of said

composition is substantially free of tinting defects.

12. The polymerizable composition of claim 10 wherein R,
20 1is a residue of a cycloaliphatic diisocyanate selected from
isophorone diisocyanate, cyclohexane diisocyanate,
methylcyclohexane diisocyanate,
bis (isocyanatomethyl)cyclohexane,
bis (isocyanatocyclohexyl)methane, bis(isocyanatocyclohexyl) -
25 2,2-propane, bis(isocyanatocyclohexyl)-1,2-ethane, and

mixtures thereof.

13. The polymerizable composition of claim 12 wherein
the material of which R, is a residue is selected from a

30 poly(C,-C, alkylene glycol) allyl ether, trimethylol propane



conposition is substantially free of tinting defects. 12. The pol ynerizabl e
conposition of claim10 wherein R2 20 is a residue of a cycloaliphatic

di i socyanate selected from isophorone diisocyanate, cycl ohexane

di i socyamawoE4232nret hyl cycl ohexane dii socyanate, PCT/US00/34224

bi s(i socyanat onet hyl ) cycl ohexane, bi s(isocyanatocycl ohexyl) net hane,

bi s(i socyanat ocycl ohexyl) 25 2, 2-propane,

bi s(i socyanat ocycl ohexyl)-1, 2- et hane, and mxtures thereof. 13. The

pol yneri zabl e _c sition of claim12 wherein _the material_ of which R3 is
a resi dueC%i @%@?g‘g@?&t)f'r BH‘%{E%G'%BE)I e drkineid gy cad? al 1yl et her,
tri met hylmixtprepane=4@£01/ 42321 PCT/ US00/ 34224 - 23 di(allyl ether),
trimethylol ethane di(allyl ether), and m xtures thereof. 14. The
conposition of claim 13 wherein Ris a residue 5 of diethylene glycol, and
the material ofs whirgd R¥gosifis@sdfd@aihSPAUNLELiR-PriPYl eng;glycol) allyl
ether. 15. The gol ynmerizate of claim1. 10 16. The polynerizate of claim

10. 172 THe dpBFYVESIS, SLECot Am8 fie onditferiat nos i chpB) vigeri Fa%kdies a | ens
havi ng aiﬁ@%bﬁ&Vﬁ,i“ﬁﬂBb?ﬁene glycol) allyl ether.

15. The polymerizate of claim 1.
10 16. The polymerizate of claim 10.

17. The polymerizate of claim 16 wherein said

polymerizate is a lens having a positive diopter.



