WO 01/ 77194 PCT/US01/10081 - 1 POLYMERI ZABLE COWPGCSI TI ON OF ALLYL
FUNCTI ONAL MONOMERS 5 DESCRI PTI ON OF THE | NVENTI ON The present invention
rel ates twoai/pabyneri zabl e conposition conprising first pobusecond allyl
functional nonomers. More particularly, the present invention relates to
a polynerizable conposition of a first allyl functional 10 nononer having
at least two allyl groups that is selected such that a polynerizate of the
first nononer has a 15 second Barcol 934 hardness of at |east 40, and a
second allyl functional nononer selected from polyether diol bis(allyl
carbonate), polylactone diol bis(allyl carbonate) and m xtures 15 thereof.
The present invention also relates to polynerizates prepared from such
pol ymeri zabl e c AFTYERLGHRLE &?&‘POEHHQN:M oARETRr FUNGTEONAR MRNQMERSr om such
pol ymeri zates. Pol yneri zabl e organi c conpositions based on allyl
functional nononers, such as polyol (allyl carbonate) nononers, 20 e.g.,
et hyl ene glycol bis(allyl carbonate), and pon(aIIyI ester) nononers, e.qg.

diallyl igophthalate, and p(ﬂf@é@ﬁ‘bfﬁ?ﬁ% ﬁ@&.ﬁgﬁr efromare wel | known

in the art. Polynerizates unct i ona nonomers, such as
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advantage that they can offer relative to ophthalmc |enses made of
i nor gani c gﬁ%@@ a|jpolymerizate of the first monomer has a 15 second

Barcol 934 hardness of at least 40, and a second allyl
functional monomer selected from polyether diol bis(allyl
carbonate), polylactone diol bis(allyl carbonate) and mixtures
15 thereof. The present invention also relates to polymerizates
prepared from such polymerizable compositions, and
photochromic articles prepared from such polymerizates.
Polymerizable organic compositions based on allyl
functional monomers, such as polyol(allyl carbonate) monomers,
20 e.g., ethylene glycol bis(allyl carbonate), and poly(allyl
ester) monomers, e.g., diallyl isophthalate, and polymerizates
obtained therefrom are welllknoWn_in the art. Polymerizates
of allyl functional monomers, such as polyol{allyl carbonate)
monomers, possess excellent éLarity, hardness and good
25 flexibility, examples of which include, ophthalmic lenses,
sunglasses, and automotive and aircraft transparencies.
Recently, photochromic plastic materials,
particularly plastic materials for optical applications, have
been the subject of considerable attention. In particular,

30 photochromic ophthalmic plastic lenses have been investigated



addi ti on, photochrom c transparencies for vehicles, such as autonobiles
and airpl anes, have been of interest because of 5 the weight reduction and
pot ent i alwgaf/etiy4 f eat ures that such transparenci es of f er PCBbstio©bS1I0M Smi s
a phenomenon involving a change in color of a photochrom c substance, or
an article containing such a substance, upon exposure to |ight radiation
containing ultraviolet rays, and a reversion to the original 10 col or when
the influence of the ultraviolet radiatin is discontinued. Exanpl es of

| i ght sources that contaln ul traviolet rays include sunllght and the |ight
of a mercury® PHip A6 58onts rYi?&ﬁPBna‘B‘fart"r?@euFP?%v‘i}EﬂYetcaPaﬂ £%F on can be

achi eved, foe1£0@0I8, opNtisd1iicNdchBEs RRQRIOCRT Ot &y31RsSHaRss. 15 por article
in the dark by renmoving the source of ultraviolet radiation or by

filtering 0afdi Heon| PhavPeiamicafsansranansdes| fghtvaldeies, |uth yascur ed
pol yneri zat gg: QfoHBRY éhayénféﬂ%tegonﬁéve HRATEE Sintrdet BaLy lgée( Yel Y

car bonat e) nononers such et hyl ene glycol bis(allyl carbonate), are
not partﬁchb@I%£19M§lre@uﬁﬁxﬂm @@dthet¢nﬂmmipsaé¢txnfaﬂtumeganhai[ﬂm@bochronic

subst ances’ S S trapnsfer.. In sone t ances, for
exanple in ?ﬁégégggio y erie g %Qﬁﬁ mls f%y? caff%ﬁﬁ?nzunghglgg nor e
organi c phoaocwﬁnga anZSOEQﬁnnﬁaacghonmqhﬂmmlbnsmb$nunﬁeedobyaﬂléﬁuﬁﬂl@n into an
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can result in inconsistent and 30 unreliable incorporation of organic

phot ochr8mi ot ERcERS IHiloePRE pbIYiferilsaREL018t woGratbe desirabl e to
devel op pol yiesdrAabled. C 16088 Dfgra! |s)5hréé‘£‘¢éﬂa‘%”%bn89ﬂ9”ers that can

be used to WO 01/ 77194 PCT/ US01/ 10081

ultraviolet rays include sunllght and the light of a mercury
lamp. Discontinuation of the ultraviolet radiation can be
achieved, for example, by storing the photochromic substance

15 or article in the dark, by removing the source of ultraviolet
radiation or by filtering out the ultraviolet rays from the
Iight source.

Fully cured polymerizates of many allyl functional

monomers, e.g., polyol(allyl carbonate) monomers such as

20 ethylene glycol bis(allyl carbonate), are not particularly
well suited to the incorporation of organic photochromic
substances by diffusion, e.g., by thermal transfer. In some
instances, for example in the case of ethylene glycol
bis(allyl carbonate), one or more organic photochromic

25 substances may be incorporated by diffusion into an undercured
polymerizate, followed by an additional curing step to fully
cure the polymerizate having orgahic photochromic substances
incorporated therein. Such two-stage cure processes require
extra time and expense, and can result in inconsistent and

30 unreliable incorporation of organic photochromic substances
into the polymerizate.

It would be desirable to develop polymerizable

compositions of allyl functional monomers that can be used to



prepare substantially conpletely cured polymerizates into which organic
phot ochrom ¢ substances may be incorporated. In addition, it would

desi rabl avo hat7ipol yneri zates prepared from such new y depel/mped 0081
conposi tions have good physical 5 properties, such as hardness and heat

di stortion tenperature, and that photochrom c articles prepared from such
pol ymeri zat es have good photochrom c properties, e.g., as neasured by
change in optical density (as described3dm further detail in the exanpl es
herein). 10 United States Patent No. 4,742,133 describes the preparation
of a pol y(aPF?Pa&rW&PE}iﬂﬂnctqomnéetﬂxepnirydefgtyrﬁrllaameggimm 331 li quid
nononmer co j igg § Si |.e Qne _po al l.yl carbonate

functi onal n%%%mr a(}ltq%pgiﬁ?/%ge%r%ﬁnﬁg '&%% tya(I%elsyfna%a]? oné:toerfof%%%ci i on&l
nmononer s of atifietidB3 ipatwentd Idesdrebileschdthedlamer hzduedi pgephose hased on

ol yhydroxy _ functi-onal chai n. extended. conpounds uch as_ethyl ene oxide
gxtended g|§8%$o‘“Qﬁa%ggﬁ%%ﬁﬁ%éxﬂﬁsaat%ﬁP%@%@FSn%b%it §38ﬁ$ United States
Pat ent Neo. Arépér;tdiss,deschifehaardnpes yamd ingall aisedbiticdn t eRPPFd Qiry
ponoI(aIIyIngarbona e{820 nononer, |iquid polyol(allyl carbonate) polyner

or a mixtur 8%t H e POt SRY BHEXTLERRT BHSRETeFhEXPBISWGEs of the

pol yol (al | ybotphdwinaires HRVORIodapHot behthiROLYGh&A!lad, oCqrbopate) pol yner
are described in the '976 patent as .including polyol-functional chain

ext ended cofpdEtiRd by ghangebineEryienk dpusdéveXas rgbpdein| furghgr

conpounds basegli Onn lkaect opguHLRsLOM) United States Patent No. 5,973,093
descri bes polynerizable organic conpositions of a first nononer conponent

whi ch i 4% pol yol (al | ¥hieed fhasee) Patant ﬁbonﬁab@@lliﬁ EQSC?ibﬁﬁ\ﬁ?eghL I
aving acryParE o et Racr R apaetat e siier] iR P olieior ol y
cured pol ynkyigattestipgepalianifr opnother polmpesl & zab| erpatiposy tatonsast t he
1093 one poly(allyl carbonate) functional monomer with oxygen. The
poly(allyl carbonate) functional monomers of the '133 patent

15 are described as including those based on polyhydroxy
functional chain extended compounds, such as ethylene oxide
éxtended glycerol and compounds based on lactone extension.

United States Patent No. 4,666,976 describes a
polymerizable solution comprising polyol(allyl carbonate)

20 monomer, liquid polyol(allyl carbonate) polymer or a mixture
thereof, and bromoxylenol blue. The polyols of the
polyol (allyl carbonate) monomer and liquid polyol (allyl
carbonate) polymer are described in the '976 patent as

. including polyol-functional chain extended compounds, e.g.,

25 ethylene oxide extended glycerol, and compoundé based on
lactone extension.

United States Patent No. 5,973,093 describes
polymerizable organic compositions of a first monomer
‘component which is a polyol (allyl carbonate), and from about 2

30 to 35 weight percent of a second monomer component which is an
alkoxylated bisphenol having acrylate or methacrylate

functionality. Substantially completely cured polymerizates

prepared from the polymerizable compositions of the '093



WO 01/77194 PCT/USO01/ 10081 4 patent are described as being used to
prepare photochromc articles by incorporating a photochrom c substance,
e.g., bywohermad transfer, into the polynerizate. |In accecraneelovsit h t he
present invention there is 5 provided a polynerizable conposition
conprising: (a) a first allyl functional nononer having at |east tw allyl
groups, said first allyl functional nononmer being selected such that a
substantially conpletely cured polynmeri%ate of said first allyl functional
monormer has a 15 10 second Barcol 934 hardness of at |east 40 (as

det er ni ned PAteReHid&REEr WPeth asnbpieaSBiai@apyeress PiistRelirawic D 2583- 92

using a Modgle No1e 934 BALGL)odJMLESS Upoe ok cond allyl fynctional
nononer, whi cﬁ{\iplée di%ffergn <)f romssgiolgdﬁ?rio?& oa?%y%"?%nctl onalé/m)n_ mer and
is 15 sel ethedndk dmansifer pointat libe pltbhrmebgg(a_afa}yl car bonat e]Z; _ §| i )d (i)
pol yl act one di ol bis(all nat e).. ..an |||%.mxt r.es i), and (ii),
20 wherein said secongha#f/ !%{a%%gt ‘l”%)%\%lthr?n 5%%? b])nvieé1 pl)(r)réstgrh r(el r%S. sai d

pol ymer i 3abpeociodgpbsi podymeri zablanoompodia iphovoderi{sing:a substantially

conpl etely cured poly i zate of i conposition having | nproved organic
phot ochr omi ¢ subst ancggg i ?1(63%’1"5' rﬁ??%ﬂ f(%’é”d@f‘@i n‘i‘?ﬂéﬂ‘eﬁyhgﬁéh%rgraltng Net

Absor bance atasr Xworauelengtdupef, 890d neneirehersl ARtaSnwl | hoddnedescri bed
further herein) relative to a-substantially conpletely cured ol yneri zat e

of said conPBsPdiTeCrEE Bk FPataAgsiRguaptRadly RGIGEEL S Wieitber at ure of

at | east 40fo{perdet@enbheshid £i26€04 HRACE WL Do tdRe St WAl d sTest
Met hod No. D 648-86, at 30 a deflection of 254 mcrons). OQther than in the

operatiﬁ@ e;gﬂ$nq¥§aqulmﬁ%$Epardness of at least 40 (as determined in
accordance with American Standard Test Method No. D 2583-92

using a Model No. 934 Barcol Impressor); and
(b) a second allyl functional monomer, which is
different from said first allyl functional monomer and is

15 selected from,

(i) polyether diol bis(allyl carbonate) ;

(ii) polylactone diol bis(allyl carbonate) ;
and

(iii) mixtures of (i) and (ii),

20 wherein said second allyl functional monomer (b) is present in
said polymerizable composition in an amount to provide (i') a
substantially completely cured polymerizate of said
composition having improved organic photochromic substance
incorporation (as determined by measuring Net Absorbance at a

25 wavelength of 390 nanometers, and as will be described further
herein) relative to a substantially completely cured
polymerizate of said composition free of (b), and (ii') heat
distortion temperature of at least 40°C (as determined in
accordance with American Standard Tesﬁ Method No. D 648-86, at

30 a deflection of 254 microns).

Other than in the operating examples, or where
otherwise indicated, all numbers or expressions referring to

quantities of ingredients, reaction conditions, etc. used in



ot herw se indicated, all nunbers or expressions referring to quantities of
i ngredients, reaction conditions, etc. used in WD 01/77194 PCT/ US0O1/ 10081
5 the speanf/imsdion and clains are to be understood as npdiAs@dioosin al |

i nstances by the term "about." DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5
Substantially conpletely cured polynerizates of the polynerizable
conposition of the present invention have inproved organi c photochromc
substance incorporation, relative to Substanti al | y conpletely cured

pol yneri zat es %Tree({)_ar ed fromthe first allyl functional nononer alone in

the 10 absefBg e cabtmngd IG9PLPEMRES diRaPe nBRbHEitoots agsBeri Hédei n and

in the claigg 4he {RiEhcssbsE aMd akkY coymietely cured pol ymerizate” neans
a polynerizate that has been cured to an extent such that additional

exposure to cure conditions, e.g., thermal cure, will not result in a

substantial 15 inprovengptairkoP BESERePrRINCBE i SinngTonhar dness and heat

distortion tenperature, (i.e., a polynerizate that is not under- or
partially cured). O génbetasHotaddhr onnelenedist anced prymbeicacos por ahed into

t he pol yner| .Qf e .l nyent.i on thods .20 that are wel |
known to thgégi‘?%l(e%&bgrgt f%ﬁc.?s ;}ﬁflcé?l%/r,le p&?é%%clrb ) t&@ﬁrgfgﬁ'% subst ances
are i ncor poiapeoveédtorgbhhic glaltybrbmat esubstawaasimdorpopnedess of di ffusion

phot ochr o G- ATHS SHce Pe TEae 1Y ORTIGrr L6t CEREY SO YHEF ! ZAEE 1 of | oved by
25 heating peéparddi \rebmathe i@t GlDR] RutioddDGdrdme> BOUAS.in \Whiel € N
contact with the applied o%cgani C EhOt ochrom c_ sol ution, photochromc

a

subst and8 dPPFTRES AintBe iy Al nBIPCCPRT M eHESFol yfErise e.  Upon
conpl etion géréfe HRALhNENSIERImsC¥RESSRNOLASEF MU G159 BbhPledS1yf | Nsed of f

of the surfaces of 30 the polynerizate.

cured polymerizate" means a polymerizate that has been cured
to an extent such that additional exposure to cure conditions,
e.g., thermal cure, will not result in a substantial

15 improvement in physical properties, e.g., hardness and heat
distortion temperature, (i.e., a polymerizate that is not
under- or partially cured).

Organic photochromic substances may be incorporated

into the polymerizates of the present invention by methods

20 that are well known to the skilled artisan. Typically,
organic photochromic substances are incorporated into the
polymerizate by means of a process of diffusion or imbibition,
which involves applying a solution of the organic photochromic
substance to least a portion of the polymerizate followed by

25 heating for a given amount of time, e.g., 135°C for 5 hours.
While in contact with the applied organic photochromic
solution, photochromic substance diffuses into and is retained
within the polymerizate. Upon completion of the heating step,
excessbphotochromic solution is rinsed off of the surfaces of

30 the polymerizate.

To determine that polymerizates according to the

present invention have improved photochromic substance

incorporation, Net Absorbance at a wavelength of 390



To determi ne that polynerizates according to the present invention have
i nproved phot ochrom ¢ substance incorporation, Net Absorbance at a

wavel engtwo of/7890 WO 01/ 77194 PCT/ US01/10081 6 nanomnet ePST/(801)100&

cal cul ated. The determination of Net Absorbance involves neasuring the
absorbance (at 390 nm of the polynerizate prior to inbibition of

phot ochrom ¢ substance, and subtracting this value fromthe neasured 5
absorbance (at 390 nm of the photochrom ¢ inbi bed polynerizate while in
t he bl eached state. The term "hl eached state" refers to the photochromc

i nbi bed pol JABPTSRE BBPhGLS i FRiEUHEReACt iT st atBFiRAtkics B elrst at e.

Absorbance AB3SHSATBRNESVELGed AERIBURE NG 0N LREABEHRLLE € ftr 9By PRhy MY | zat es
10 of equival ent thickness using a spectrophotoneter, e.g., a Varian Model
Cary 3 specFPﬁpﬁRkXﬂﬁgﬂéPteAP$&ﬁrAA@séwkkhﬂﬁéO@apﬁePhQﬁOQ?épmlﬂouId i ndi cate
that no phoges@mmec %HQ%@Q&%&% b@fr‘ﬂs Ja6ar PRSAL G ln{%gg

pol yneri zat e. | e Net Absorbance val ues can vary wt He type and
conblnatﬁongb@¢ﬂ%ﬁg@nﬂét159%hmvo©ﬁrQh¢aﬂsub@banmes.mﬁabedre i ncor por at ed

into the Q!DYWéflzz% gr eia\%{e %s%ﬁgsﬂgéa Vh%ldu%%agf atTl'lee %atrmo" (‘;‘l%er ei d’ at

| east 1.0, are” consi genera e accep?abl use n and in
t he cl ai ns, sthee't ererflei*al tqlt’he a:m@btbehmmid: tiebibed epchymeiralzhyé Haimet i onal
nononer " and ‘al | % 9ro #? r ef er t o, unsubstituted and substituted
allyl groups represeﬁtéﬁ BS tHHe BPBr £ ?ﬁiééﬁg?al PR°E, | H2C=C (R®5)

-CH2 mherelme£Ehnemdm¢drageTtaH§ﬂ agefod® . thmpeeAt OFd NErci pBLOMEEJates 25 a

Cl-&A4 al kyl ro nethyl, ethyl, n-propyl, iso-propyl, n-butyl,
sec- but P af %J%&&8§|§hl$ﬁﬁﬁ§ cBﬁﬁfﬁﬂ%/SPRCthph?ﬁRﬂﬁﬁﬁén and ¢ e al l yl

group repr esgmaad MedeogF il 3 ffeltlaphotdriecaR. UNgURS! iablbedadd Ya1gEoup,
H2C=CH- CH2- .
of zero would indicate that no photochromic substance had been
incorporated into the polymerizate. While Net Absorbance
values can vary with the type and combinations of organic
15 photochromic substances that are incorporated into the
polymerizaté, Net Absorbance values of at least 0.3, e.g., at
least 1.0, are considered generally to be acceptable.
As used herein and in the claims, the term "allyl"
and related terms (e.g., "allyl functional monomer" and "allyl
20 group") refers to unsubstituted and substituted allyl groups
represented by the following general formula I,
I
| H,C=C(R,) -CH,-
wherein R, is hydrogen, halogen (e.g., chlorine or bromine) or
25 a G-C, alkyl group (e.g., methyl, ethyl, n-propyl, iso-propyl,
n-butyl, sec-butyl and tert-butyl). Most commonly, R, is
hydrogen and the allyl group représented by general formula I
is an unsubstituted allyl group, H,C=CH-CH,-.
The first allyl functional monomer of the
30 composition of the present invention has at least two allyl
groups, e.g., from 2 to 6 allyl groups. Preferably, the first

allyl functional monomer has 2 allyl groups. More

particularly, the allyl groups of the first allyl functional



The first allyl functional nononmer of the 30 conposition of the present
invention has at least two allyl groups, e.g., from2 to 6 allyl groups.
Pref erablwQ ot/hmofirst allyl functional nononer has 2 al | p¢T/gs@umss1 Mor e
particularly, the allyl groups.of the first allyl functional WO 01/77194
PCT/ US01/ 10081 7 nononer are selected fromallyl carbonate groups, allyl
ester groups and conbinations thereof. The first allyl functional nononer
or mixture of first allyl functional morfomers is selected such that a
substantially conpletely cured 5 polynerizate thereof has a 15 second

Bar col 934 WeRMfEs§r6f satectedasronrllyly carbpoatt@noypr?0. alllyi @slitky, the 15

second | Bar §upt34nlAaisR cdbnd éﬂé)x%cﬁn.;: FhE Ve HUPLG 5L Y e Gl na

pol ynmeri zate prepared he first a uncti onal noner m xt ure of
first allylménpustyi omatnixtpreneits £isst ralrhyd3 funct Idha@0 mohomars ersbodi nent  of

the present_invention..the firs | 1.yl -functi | .nononer (a) is selected
from (a)(i ?éi;ence%d] %Fc}fluér}%: § gngflg?m%rb%rllyeﬁ?mog%te&a SWe he foll ow ng
general $orpelyndrizatd therddf ha® £ (O)seCoRddparzcatherei RaRinessa oti wal ent

resi due of di ol selected from1,2-_ethane.dipol (ethylene glycol) and

1, 2-pr opanef%fi"soq *Cpr 8p91 erd °gt9ct?) 70 and VRIS Ak bl £y s (e.g., a
substi t ut edsrc20 sgasHBsdriddst ed al systgmeup1as degaki-bed @iy ously herein
with reference tq general fornula I); (a)(ii? an allyl functional nononer
r epr esent edPOYMHEE S| PIRAATGIgERSPR Al SrimFa®1 1Yy fupFtiema) propomero-RrR3 0

11 or mixture of first allyl functional monomers is from 43 to
10 60.
In an embodiment of the present invention, the
first allyl functional monomer (a) is selected from,
(a) (i) an allyl functional monomer represented by
the following general formula II,
15 IT
R- [-0-C(0)0-R,],
wherein R is a divalent residue, of a diol selected from 1,2-
ethane diol (ethylene glycol) and 1,2-propane diol (propylene
glycol), and R, is an allyl group (e.g., a substituted or
20 unsubstituted allyl group as described previously herein with
reference to general formula I);
(a) (ii) an allyl functional monomer represented by
the following general formula III,

III

(Rl)p ( z)q

R O ﬁ @) ’ ﬁ
25 3 O—C—O—R3

wherein R, and R, aré each selected independently ffom each
other and independently for each p and q from C,-C, alkyl
(e.g., methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl
and tert-butyl), chlorine and bromine, p and g are each

30 independently an integer from 0 to 4, and -X- is a divalent



25 X O R3-O-CGOwerein Rl and R2 are each sel ected independently from
each other and independently for each p and q from Cl-C4 al kyl (e.qg.,

met hyl , avéyi/77i propyl, iso-propyl, n-butyl, sec-butyl paOUsertesiutyl ),
chlorine and bromne, p and q are each 30 i ndependently an integer fromO
to 4, and -X- is a divalent WO 01/ 77194 PCT/USO1/10081 8 |inking group
selected from-0-, -S-, -S(A2)-, -C(O-, -CHR-1- 0 CHCH, -C(CH) 2-, -C
(CH3) (C6H5) - and 0, and R3 is an al I8l group (e.g., a substituted or
unsubstituted allyl group as described previously herein with reference to
general 5 fbimuing Kroupag€iddtedahrah|yd- . f uset i o9Ed.) rONO®E) - epCBsent-ed by
the follow ng general formulalV, IV 0 R4-OC 11 0 O COR4 10 wherein
R4 is an allyl group (e.g., a substituted or nsubsirtuted allyl group as
descri bed previously herein with reference t . formula I); and
(a)(iv) mxtures at least two of (a)(1), (a) (a)(iii). 15 In an
enbodi nent of the present invention, the firs functi onal nononer
(a)(ii) is 4,4 - isopropylidenebi sphenol bis(allyl capbonate), which can be
descri bed Wit Hef 6fdhtd 1o G alCEarndrs 111, wherei n ¥d FadismEn are
each hydrogemyr Xroup 1&(dHBh25ubkBi dift N WNURSiddtU@ded allyl group

as described previously herein with reference to general

5 formula I);
(a) (iii) an allyl functional monomer represented by
the following general formula IV,

Iv

R,—O0—C
0
]
C—O0—Ry

10 wherein R, is an allyl group (e.g., a substituted or
unsubstituted allyl group as described previously herein with
reference to general formula I); and

(a) (iv) mixtures at least two of (a) (i), (a) (ii)
and (a) (iii).

15 In an embodiment of the present invention, the
first allyl functional monomer (a) (ii) is 4,4'-
isopropylidenebisphenol bis(allyl carbonate), which can be
described with reference to general formula III, wherein R, and
R, are each hydrogen, -X- is -C(CH;),-, R, is an unubstituted

20 allyl group, and the allyl carbonate groups (R;-0-C(0)-0-) are
located at the 4 and 4' positions relative to the divalent
linking group -X-. In a further embodiment of the present

. invention, the first allyl functional monomer (a) (iii) is
diallyl isophthalate, which can be described with reference to

25 general formula IV, wherein R, is an unsubstituted allyl group,



20 allyl group, and the allyl carbonate groups (R3-O-C(O-0O) are |ocated
at the 4 and 4' positions relative to the divalent |Ilinking group -X-. In a
further avwbod7rmment of the present invention, the first abp¢ylséumcgi onal
nmononer (a)(iii) is diallyl isophthalate, which can be described with
reference to 25 general fornmula IV, wherein R4 is an unsubstituted allyl
group, WD 01/77194 PCT/US01/10081 9 and the allyl ester groups
(R-O0CO-) are located at the 1 and 2 positions of the aromatic ring. In
a preferred enbodi nrent of the present invention, the first allyl

functi onal @whddher alsyhldsderf gnoupontl.-@ohicher abe(gdved epr ekent ed by

gener al for(gpﬁue H)Slw rFs %z%r%hgu%%*ay {o]] %S%Eed enbodi ment of the present

i nvention, rst al UncET Ohal” nono is allyl functional nononer
(a)(i), wherein R OfIrga‘l@rr&lfefDemﬂmboldﬁ.méﬁt off ehiedpeesént] , i2wenhaoe, di ol

hyl d, R19 bst i t ut ed 10 whj ch
Uhe Tirst TS L PERCEF DA/ REROART IETRG| Ehet gty EBTCblnad ryoticr ° ©25¢

car bonatg) . (As(ivsedpheseitedang gendiha folralDd®, 1 t hnr ef piencalbe1{he first
allyl functional mnoner the terns polyol (allyl .carbonate) nononer and

pol y(al |yl PEEEEFFIngPRAEMeRd Ot 2¢ SFESPRF iR Eintiod tEP‘?rst(re‘?t all¥t hyl ene

15 glycol bfg{ctibihl caskarat ek, afhvhl-duseRt epyl indpReRESpRLNO!, whiksbah! vl
carbonate) and diallyl isophthallate) are intended to nmean ‘and i ncl ude the

naned nonorkrofoBepRERbI JATENS 3t Rér 8vf2 TaRdamyek &l dre8haphoteal or ol i gomer

speci es and &y 188t HEfdH) GART RQUEé SarPQl%ﬁbQ@PcJé%%r ehly1 20 e in
pol yol (al Iyl carbonate) nononers of the first allyl funhctional nononmer may

be preph? ed”W%Féééd@h%§lv9§FI alknbviivnctiphel aranomergis ehyleseri bed in
such ag. otToSae shyea . Fetp il i ie Rt e B B0 7 2787
typi cally betaisen @O:lamiafwent:e forthet lférsora]@sﬁomdnnglonal monomer,
the terms polyol(allyl carbonate) monomer and poly(allyl
ester) monomer and more specific related terms (e.g., ethylene
15 glycol bis(allyl carbonate), 4,4'-isopropylidenebisphenol
bis(allyl carbonate) and diallyl isophthallate) are intended
tb mean and include the named monomer or prepolymers thereof
and any related monomer or oligomer species and any synthetic
coproducts contained therein.
20 The polyol(allyl carbonate) monomers of the first
allyl functional monomer may be prepared by procedures well
known in the art, e.g., as described in U.S. Patents 2,370,567
and 2,403,113. For example, an aliphatic polyol, such as
ethylene glycol, is reacted with phosgene at temperatures
25 typically between 0°C and 20°C to form the corresponding
polychloroformate, e.g., ethylene bis(chloroformate). The
polychloroformate is then reacted with a substituted or
unsubstituted allyl alcohol in the presehce of a suitable acid
acceptor, e.g., an alkali metal hydroxide. Alternatively, an
30 allyl or substituted allyl chloroformate (formed from the
reaction of allyl or substituted allyl alcohol with phosgene)
is reacted with the polyol in the presence of an acid |

acceptor.



pol ychl orof ormate, e.g., ethylene bis(chloroformate). The _

pol ychl oroformate is then reacted with a substituted or wunsubstituted

al lyl al ootnol/7i1 t he presence of a suitable acid acceptoprcT@®s@/i00an al kal
metal hydroxide. Alternatively, an 30 allyl or substituted allyl
chloroformate (formed fromthe reaction of allyl or substituted allyl

al cohol with phosgene) is reacted with the polyol in the presence of an
acid acceptor. WO 01/77194 PCT/US01/ 10881- 10 The poly(allyl ester)
nononers of the first allyl functional nononer nay be prepared by
procedures wel | knownThe Peheladidivill edter) mpmemeTyppfibey finat extlerl, e.g.,

di et hyl 'SQQHEB%r?élemohgméfarﬂ%%teebkéﬁﬁﬁémwa@chédﬁ% %le'i?h;%own & O

unsubstituted allyl alcohol first nctional nononer
typically phesgntlliad @Mél@@¢ynéhwzablbyccnpestEronaqg,tH@ephgsent

invention in J.eas percen b ht ferably at

| east 40 percgﬁh melg%FaE?urtseFere erat# §OVf1§% §Pgﬂ§ peﬁ%ent by
wei ght , énduneubsqwmﬂueﬁabuyyruaﬂcaasn 50 percent by weight, percePt wei ght s
bei ng based on the to nono t .of he conposition, The first

al lyl functional %ﬁ'ﬁrffrsﬁt %ﬁ&iﬁ\?‘“%@?@ t PPPOTHe 150 FYREFF b e

conposi t i ONpréfemn mmuat p@iynleﬁ:&%abmé-rbcg@)o@ﬁﬁ:@@ﬂtob)ﬁ:ﬂé@pgegentpr eferably 15

| ess t han 70 ercent by weig and nore preferably |l ess than 60 percent
by wei ght, %%HO%PgﬁPsaw%OSagédlwtt He PBYERNt AynvARILSwei ght of the

conposi ti onpréh@rafﬂlrysfatahéélét faongbi-e8@l by RRIGRE, "B tePRESEMaHIY the

pol yneri zabl e conposition of the present invéention in an anmount ranging
bet ween t8nyatohtiStattioRe T 2ERofont Hesghiuppnd ange| poricrebivest lersitusiove of

the recitedpyyalygs byT%lBHU%&‘céﬁP' e { Cgﬁm%o% Eh?nbgsfedt RE PhESENM,y | NVention
al so conprlses a second allyl” functiona ,
monomer weight of the composition. The first allyl functional

monomer is typically present in the polymerizable composition
in an amount of less than 90 percent by weight, preferably

15 1less than 70 percent by weight, and more preferably less than
60 percent by weight, percent weights being based on the total
monomer weight of the composition. The first allyl functional
monomer may be present in the polymerizable composition of the
present invention in an amount ranging between any combination

20 of these upper and.lower values, inclusive of the recited
values.

The polymerizable composition of the present
invention also comprises a second allyl functional monomer,
which is different than the first allyl functional monomer.

25 The second allyl functional monomer may be prepared in
accordance with those art-recognized methods as described
previously herein with regard to fhe polyol (allyl carbonate)
monomers of the first allyl functional monomer.

The second allyl functional monomer may be selected

30 from polyether diol bis(allyl carbonate) monomers. The
polyether diol of the polyether diol bis(allyl carbonate)

monomer may be selected from homopolymeric polyether diols,



which is different than the first allyl functional nononer. 25 The second
allyl functional nononmer nay be prepared in accordance with those
art-recogmo aed7ipet hods as described previously herein w par/Usgzoosit o t he
pol yol (al 'yl carbonate) nononers of the first allyl functional nonomer.
The second allyl functional nonomer may be selected 30 from pol yether diol
bi s(allyl carbonate) nononers. The polyether diol of the polyether diol
bis(allyl carbonate) mononer may be selécted from honopol yneric pol yet her
diols, WO 01/77194 PCT/US01/10081 - 11 random copol ymeric pol yether

di ol s, bl ocK2BEpBI SARALYEET | BRMFENei Sl and®1RFkt CRRY WRELEof . I n an

enbodi nent ?)t)lg,g@h&r e8eNt LAyeniQRes! MEardd Yether diol of the polyether
diol bis(allyl carbonate) 5 nmononer is a bl ock copol yneric polyether diol,

whi ch may be represedfedn bsmRaddmesk| ofi tp pereent Froemiiany, the H O R60)
(R70) (" R8O L 5L n Wid1Waer 8l age a r.different; RO
is differ entpl) i) t%ran ‘each o@%&lg@gﬁgﬂ%?g%% S%%@ng%ﬂig@gkg each

i ndependént mpnamely visd enbleelksi chrolyfeainc gpobyieddprxdbrld ahdcd mapdie

i ndependent |y a_nu fromO. t.a 200 rovided that the sumof x and z is
great er thar]fg%?%?nr%%b ?}sleafonlur%%?gfg%r%ﬁ d ?8’"5‘6 : Jl]’S Wth further

reference to general fornmula V, -R60- (R60), -R O (R70) and -R80- (R8O
are each independently a divalent residue of an epoxide. As used herein,

the term "epoxide" refers oAt aggaf:r chi\C hers, e.g., ethylene
oxi de and propyl ene oxi de. }Iioro_g%gg% o7fOe %F#)agt?{ati on, when R60 is a
resi due of propyl ene oxide, the divalent -R60- residue nmay be represented
by the foll Wﬁgin RO and RO are the same or different; R,0 is different

10 than each of RO and RyO; R0, R,0 and R,O0 are each
independently a divalent residue of an epoxide; x and z are
each independently a number from 0 to 200, provided that the
sum of x and z is greater than zero; and y is a number from 3
to 200.

15 With further reference to general formula V, -R.O-
(RSO)I, -R,0- (R,0) and -R,0- (Ry,0) are each independently a
divalent residue of an epoxide. BAs used herein, the term
"epoxide" refers to three membered cyclic éthers, e.g.,
ethylene oxide and propylene oxide. For purposes of

20 illustration, when RO is a residue of propylene oxide, the
divalent -R,0- residue may be represented by the following

general formulas VI and VII,

VI _ VII
—CH2—-(|:'H-—O———- —<|:H—CH2—0—
CH, | CH,

25 When RO is a residue of propylene oxide, it may, more
specifically, be represented by formula VI, formula VII or a
combination of formulas VI and VII. Due to the steric
hindrance of the pendent methyl group of propylene oxide,
formula VI is believed to be the predominant representation

30 relative to formula VII, as is known to the skilled artisan.



general formulas VI and VI, VI VI -CH2- i HO - i I—l—CI-l2-_O_CI—BCI—|325
When R60 is a residue of propylene oxide, it may, nore specifically, be
repr esentvedoby7ibormula VI, fornmula VII or a conbination péTAsemmebss VI and

VI1. Due to the steric hindrance of the pendent nethyl group of propylene
oxide, formula VI is believed to be the predom nant representation 30
relative to fornmula VII, as is known to the skilled artisan. WD 01/77194

PCT/ US01/ 10081 - 12 The - (RO X-, ~ 1%? O Y- and - (RO z- segnents
or blocks of general fornula V, may contain one or nore species of
epoxi de r e5| dues pr eFBRablBs} frey -dBEH ycoémdarrfRaO)Szrng?@“efstﬁe@rebl‘éﬁksepom de

resi dues. @@ercafl eBoxLiesy Ofma\phbs .—B@P,oné &%@{bdm R i JBY,£ach

|ndependently e residues of includde, are not to, C2-Cl4
al kyl ene oxﬁﬁwl@ﬁ/me@aﬁuw en@fqﬁardblyhtdmyngafchomlﬁtam B2 sé¢agbon atons in

Lhe r1ng and, LKl rs blies 80T, JxagD! esoialeoC2 14, alkuleng slas o oot ude,

but are not m te ene oxli de, propy oXi .
epoxypr opy| Riserndng,0 lnaQ- epolxykrﬁieplaedarxtym mamesl@lmégllcﬁhgincwdd,e,blﬁ. g.,
1, 2-butyl eng_oxi de ;and

3:- but I |de yl ene o e,_e.qg.,
1. 2-pent yl eRe o de “BAGS 3 peé/ﬁtyll“e%lg(ylg P8 £ ﬁyé:ﬁtgaifi?g]geé",e 8.9‘(3,]‘.1‘?
1, 2- hexyl enhammgje?romcsyt@nﬂz d@thdR, atons ,1n1tﬂe0£ir}{:} ema QXkﬂ.eﬁeéjeCél gne
oxide, e.g.,. 1,2 0 ecane, dodecyl ene oxide, e.g., 1, 2-epoxydodecane,
and epoxyt EPFH cangp‘a@zg of 5:¢pe { PAY RGeS EES?‘rb‘F ®s Ry are
cycl oal kyl enet omcieeaavbngeﬁrrﬂr@né bRide2 gﬁb@?ﬂeﬁé QB del Ybhes-ring include,
but-are not limted to, cycl opentene oxi cycl ohexene oxi de,

exo- 2, 3: 8po?9?f8ﬂlﬁ?ﬁ’é(ﬁébe’é§/‘%ﬂ%oétrénép@%@epﬁnamwn@doﬁééweepom de.
Typically, &pfue R OgandlRﬁﬂo@ﬁeﬁac&lc{aﬂ%ﬁ%%rﬂ;dag,l%n@' yglgnt residue of

an epoxi de selected fro
pentylene ox1de, e.g., 1,2-pentylene oxide and 2,3-pentylene

oxide, hexylene oxide, e.g., 1,2-hexylene oxide, octylene
oxide, e.g., 1,2-octylene oxide, decylene oxide, e.g., 1,2-

15 epoxydecane, dodecylene oxide, e.g., 1,2-epoxydodecane, and
epoxytetradecane, e.g., 1,2-epoxytetradecane. Examples of
dycloalkylene oxide having from 5 to 12 carbon atoms in the
ring include, but are not limited to, cyclopentene oxide,
cyclohexene oxide, exo-2,3-epoxynorborane, cyclooctene oxide

20 and cyclododecane epoxide. Typically, RO, R,0 and R,0 are each
independently a divalent residue of an epoxide selected from
ethylene oxide, propylene oxide, butylene oxide and mixtures
thereof.

The value of subscript y of general formula V is at

25 least 3, e.g., at least 5, 10, 15 or 20. The value of
subscript y is also less than 200, e.g., less than 150, 100,
90, 80, 70, 50 or 40. The value bf Y may range between any
combination of these numbers, inclusive of the recited
numbers. When subscripts x and/or z are greater than zero,

30 they each typically have values independently of at least 1,
e.g., 2, 3, 5, 10, 15 or 20. The values of subscripts x and z
are each independently less than 200, e.g., less than 150,

100, 90, 80, 70, 50 or 40. The values of x and 2z may each



et hyl ene oxi de, propyl ene oxi de, butylene oxide and m xtures thereof. The
val ue of subscript y of general fornmula Vis at 25 least 3, e.g., at |east
5, 10, 1%won1/2Q094 The val ue of subscript y is also |ess thanu@doos. g.,

| ess than 150, 100, 90, 80, 70, 50 or 40. The value of y may range between
any conbi nation of these nunbers, inclusive of the recited nunbers. Wen
subscripts x and/or z are greater than zero, 30 they each typically have
val ues independently of at least 1, e.4,-2, 3, 5, 10, 15 or 20. The

val ues of subscripts x and z are each |ndependently | ess than 200, e.g.,

| ess than 150depergigntdp, rEm@e PeLween Gyl gomphea tign ©F éheﬁe afnﬂ‘bfrﬁay each

WO 01/ 77194, B 1,30 ent geb ¢ogbi nati on
R 91§e1re3c~°1fce andeRendent ye r $E aé}bé goi

of these nunbers, inclusive of the recited nu e va ues of x, y and
z as pr esemee&dertt@dehﬂrweprr@@enseawq\eag@gﬁunb@b@s Thé’hﬁwmdgekrer aver age

nmol ecul ar ( t Kk poI YRBLI L) S al her_di ol represented
by general S "\7)1 ﬂar%?fgg RE] g?rﬂ ff ggee?&a?f:p]{) o%r%?’ﬁni@]d:to 20, 000 or
from 5005t Opd.B/eOﬂﬁr asouetegrr@saededbyb)g@enpeammnMachrmmtmgr@phy Bl ock

copol yneric | yet her di ol resented b ener formul a

plrepalr ed bng%t:yre 8§n?’§aé%ir?e?%8‘as%9°g;lzﬁ'Bﬁ%ib%t 58, S?Ert%iﬁnﬁ%g a
gl ycol, e.dgas i apans, dedl pertied it @lrvhi fogapRoXi de, e. g

1, 2- propyl ene oxi de, to form a di hydroxy term nated pol yet her

internmedi ate, e.g., ]rﬁfd?G)?Wli"é‘??ﬁ%é’t"ééfeb?)ﬁ/(diloéSpF%B"E/‘F%eé‘t R¥r). The

di hydroxy é@demalatf@gm@pa Yether bénﬁﬂ;@@daw alst thedghuridefedigact ed wth
15 anot her epoxi de, e.g., ethylene oxide, forma gl ock copol yneric

pol yet hef dFsIond SEthAd cHEas eHareier eﬁh@éYFél g%fﬁerr all . Roprepaney/dirRlOo i s a
resi due of pg %Qc%@a pxidem %BQXR@Q & Of %&1 USS; §d, e S

epoxi de, e.g., ethylene oxide. npl es “of po yneric pol yet
diols that a dihydroxy terminated polyether 1ntermed1ate e.g., dlhydroxy

terminated poly(1l,2-propylene ether). The dihydroxy
terminated polyether intermediate is then further reacted with
15 another epoxide, e.g., ethylene oxide, to form a block
copolymeric polyether diol, for which with reference to
general formula V, R,0 is a residue of propylene oxide, and R0
and RO are residues of the same epoxide, e.g., ethylene oxide.
Examples of block copolymeric polyether diols}that
20 hay be used to prepare the polyether diol bis(allyl carbonate)
monomer include, but are not limited to, poly(ethylene oxide) -
b-poly(propylene oxide), poly{ethylene oxide)-b-poly(butylene
oxide), poly(propylene oxide)-b-poly(butylene oxide),
poly (propylene oxide)-b-poly(ethylene oxide)-b-poly(propylene
25 oxide), poly(ethylene oxide)-b-poly(propylene oxide)-b-
polyethylene oxide), poly(propylene oxide)-b-poly(ethylene
oxide) -b-poly{(propylene oxide), ahd poly(ethylene oxide) -b-
poly (propylene oxide)-b-poly(butylene oxide). A preferred
block copolymeric polyether diol is poly(ethylene oxide) -b-
30 poly(propylene oxide)-b-poly(ethylene oxide).
Random copolymeric polyether diols that may be used
to prepare the polyether diol bis(allyl carbonate) monomer may

be prepared by methods known in the art. For example a



20 may be used to prepare the polyether diol bis(allyl carbonate) nononer

i nclude, but are not limted to, poly(ethyl ene oxide)- b-poly(propyl ene

oxi de), moby(/etibyl ene oxi de)-b-pol y(butyl ene oxide), polp¢puspyloesie

oxi de) - b- pol y(butyl ene oxi de), pol ypropyl ene oxi de)-b-poly(ethyl ene

oxi de) - b- pol y(propyl ene 25 oxi de), poly(ethylene oxide)-b-poly(propyl ene

oxi de) - b- pol yet hyl ene oxi de), pol y(propyl ene oxide)-b-pol y(ethyl ene

oxi de) - b- pol y( propyl ene oxi de), and pGI?%eThylene oxi de) -b- pol y(propyl ene

oxi de) - b-pol y(butyl ene oxide). A preferred block copolyneric polyether

diol is pol 9¥%‘f‘?ﬂyl ENERORT RN €88 BOYSRpr dFy Fenetaskiwidl B- BbrSLet IRl ene

oxi de). RandopyLoRolLyIBELC HQ .X%Q)S{ayﬂér@ Sxifat aﬁ@%&%luﬁsd%x%&é prepare the
e

pol yet her diol bis(allyl carbona nononer may be prepare y net hods
known in the art. For?ekarfsicsnd zed GaylpasonaP(¥ WSEH t00Bteparel4hegl ycol ,

such as eth yd t it i re.of | kyl en xLdes,
e.g., pr opyl}{éﬁ%ﬁoolxi gggn%é}é{ﬁt&%gngggi){(\% d%. %hglrﬁirgée?glgerﬁ ggakn%%%ga&gyl%ay be
used to preparkonate) homopuiyneiFioc prangmicher giiyodls, afluchhespetiyetdrer di ol

bi s(al |l yl r-bonat e)_nmononer.. For_ex | e _a. glycol, suc s et hyl ene
gl yf:ol ,yi s gle ted l\%i f%a%tne%“i%ﬁneﬁré %%ygg, ee?’é?(,g ety engt %%nc?e.

Al t er nat i vebyidd he ahoapipat Wwreni, C tpol y@idpen yilepl c MRyl ye€hepr €051 @fyf bem a
cyclic ether other, than an epaxi de ef%., tetrahydrofuran. In an

embodi ment BFSRHEDFESBR G4t PERST 1T PeRe thoR vt KOPXARBI I the pol yet her
di ol bis(al tytrambenaie). nRNEREEmbSIRRNYt 8F rady ¢nekunan; thale fkavi ng a
nunber average nol ecul ar weight of from 250 to 3000. Al kyl ene oxi des that

may be B8ed“¥o RAUFEPET 1L PandbM RIPEIPREr fEohdtipdpAdy L dFanbamage)
honmopol yner iéndulyy 85hg61ydet (gl 0Fuifie dh YRl halg di ﬁl.dgLPézS(a?JéﬁéJ ecar Eonat e)

may be selected fromthose exanples as recited previously herein wt
regard to theldsivdex eopdhty mdr ifeopolyettreB0d8Pol represented by

Alkylene oxides that may be used to prepare the
random copolymeric polyether diol and homopolymeric polyether
15 diol of the polyether diol bis(allyl carbonate) may be
selected from those examples as recited previously herein with
fegard to the block copolymeric polyether diol represented by
general formula V. The Mn of the random copolymeric polyether
diol and homopolymeric polyether diol of the polyether diol
20 bis(allyl carbonate) may be selected from those values as
recited previously herein with regard to the block copolymeric
polyether diol represented by general formula V.
The second allyl functional monomer may also be
selected from polylactone diol bis(allyl carbonate) monomers.
25 The polylactone diol of the polylactone diol bis(allyl
carbonate) monomer may be prepared by methods that are well
known in the art. Typically the ?olylactone diol is the
reaction product of a diol and a lactone. The diol of the
polylactone diol may be selected from linear or branched
30 aliphatic diols having from 2 to 20 carbon atoms, poly(C,-
C,)alkylene glycols, cycloaliphatic diols having from 5 to 8
- carbon atoms in the cyclic ring, monocyclic aromatic diols,

bisphenols, hydrogenated bisphenols and mixtures thereof.



general formula V. The M of the random copol yneric pol yether diol and
honmopol yneri ¢ pol yether diol of the polyether diol 20 bis(allyl carbonate)
may be saVve@ot/eddfrom t hose values as recited previously bereso/wogih regard
to the bl ock copolyneric polyether diol represented by general formula V.
The second allyl functional nonomer may al so be selected from polylactone
diol bis(allyl carbonate) nononers. 25_The polyl actone diol of the

pol yl act one diol bis(allyl carbonate)'nﬁﬁoher may be prepared by met hods

that are well known in the art. |caII¥>1fthe pol yl actone diol is the
reaction product of aFiPBPlem®fa lFﬁ%’t"br% RECcBPSI A bPheRéc P34 act one di ol

may be sel eghethd er:TBnJ bnearz®rcibaAchiesha3Anaki REAtHLE Wl sohgvdhg-drom2 to

20 carbon at ons, @CZ (4) al kyl ene glycols, cycloaliphatic diols having
from5 to 8th%aﬁ’ckﬂdﬁ SCORE ith]t Haceyee iyt jaxg, nﬁ’énb@}ﬂcqqdctar oty lengi ol s,

bi sphenol s, g %9‘”_)'9?5}%2369‘* sphrRel, s 1a9d, ggngr 8§O£e? eof 5 M\Q 0L/ 77194

PCT/ US01/ 1008 _ anples of | near branc ‘alip hatfc diols
havi ng f PonPatare 23 dar bentaneows ol hathemapebdinded lt@tpmepamels,t he

pol yl act one_di if1ghude ar t Limte et h | ene coI
propyl ene g?yc%lfe #%é br%%%énnee [ 8?'}9’ A R g 595 ane 890 pent ane
diol's, hexadedetales dihépt arei ddicahs, di@m artetdadésanm@n@ne di ol s decane

di ol s, undecaqg ane diols,_ tridecane._diols tradecane di ol s,

pendadecane® @i H1%E caﬁ‘exgagg g‘edﬁaglegan%eqlé’&&:a g e db8?§decane di ol s,

nonadecane deohdedng dmemneacdia@le&aném@wrahas1@$sap@ ¥ii62sC, ) al kyl ene
glycols_include, but are.not Ilimted to ri-, tetra-, penta- and

hi gher &PhyFEABPLES PEoPSLY {ffa-C. )tarllkyle?e’etgrlé"mlﬁehf‘%lu%d bHEGRE? TMtopyl ene
glycol's, andigiced tth,- dit etyd-, pepka:, %tQngﬁa ynehepenytcol s. 15

Q/cloallphatlc di ol s having from5 to 8 carbon
glycols, di-, tri-, tetra-, penta- and higher propylene
glycols, and di-, tri-, tetra-, penta- and higher butylene
glycols.

15 Cycloaliphatic diols having from 5 to 8 carbon
atoms that may be used to prepare the polylactone diol
include, but are not limited to, cyclopentane diol,
cyclohexane diol, cyclohexane dimeéhanol, cycloheptane diol
and cyclooctane diol. Examples of monocyclic aromatic diols

20 that may be used to prepare the polylactone diol include but
are not limited to, benzene diol, e.g., 1,2-dihydroxy benzene
and 1,3-dihydroxy benzene; C,-C, alkyl substituted benzene
diol, e.g., 4—ter;—butyl—benzene—1,2—diol, 4-methyl -benizene-
1,2-diol, 3-tert-butyl-5-methyl-benzene-1,2-diol and 3,4,5,6-

25 tetramethyl-benzene-1,2-diol; halo substituted benzene diol,
e.g., 3,5-dichlorobenzene-1,2-diol, 3,4,5,6-tetrabromo-
benzene-1,2-diol and 3,4,5—trichlbro-benzene—1,2—diol; and C,-
C, alkyl and halo substituted benzene diol, e.g., 3-bromo-5-
tert-butyl-benzene-1,2-diol, 3,6-dichloro-4-methyl-benzene-

30 1,2-diol, 3,-bromo-4,5-dimethyl-benzene-1,2-diol and 3-chloro-
4,6-di-tert-butyl-benzene-1,2-diol.

Bisphenols and hydrogenated bisphenols that may be

used to prepare the polylactone diol of the polylactone diol



atons that may be used to prepare the polylactone diol include, but are
not limted to, cyclopentane diol, cyclohexane diol, cycl ohexane

di met hanovQ ovyabohept ane di ol and cycl ooct ane di ol . Exanpte@safiionsinocycl i c
aromatic diols 20 that nay be used to prepare the polylactone diol include
but are not limted to, benzene diol, e.g., 1,2-dihydroxy benzene and

1, 3-di hydroxy benzene; Cl-C4 al kyl substituted benzene diol, e.g.,
4-tert-butyl -benzene-1, 2-diol, 4-nethylibenzene- |, 2-diol,
3-tert-butyl -5-nethyl -benzene-1, 2-diol and 3,4,5,6 25

t et ranet hyl Pbehzlehyd- fagbenasie) malobs ubrniesgneed benidee fdilddwing. g.
3,5-dichlorﬁgggégn%b}mglgi§gr 3,4,5,6-tetrabrono- benzene-1, 2-diol and
3,4,5-trich oro-benzene-l,Z-JfoI; and Cl- C4 al kyl and hal o substituted
benzene diol, e.g., 3-brono-5- tert-buVyIibenzene-1, 2-diol,

3, 6-di chl or 0- 4- net hyl - benzene 30 1, 2-diol,

3, - br ono- 4, 5- di met hyl - benzene- 1, 2{Bikd and 3{Bhloro-
4,6-di-tert-butyl-benzene-|, 2-dig Bi spheng and hydr ogenat ed bi sphenol s
that may be used to prepare the actone/di o\ of the polylactone diol WO
01/77194 PCT/USO01/ 10081 16 bi may be represented by the
following general formula VIH | \y (R1) ROYoH Z X Z HO OH 5 wherein

X, R1, Rz, ﬁﬂ?nd g are as described previously herein Z with regard to
general PorfRFEI K BndReept 88enisake BeALERELPFhPrEViguelc| ktt®idne ring.

An exanpl e of a bisphenol that may be used to prepafe the pol yl actone diol
is 4,4 - isopropylidenebi sphenol. An exanple of A X ogenat ed 10 bi sphenol
that may be used to prepare the polylactone diol

with regard to general formula III, and

represents a
benzene ring or a cyclohexane ring. An example of a bisphenol
that may be used to prepare the polylactone diol is 4,4'-
isopropylidenebisphenol. An example of a hydrogenated

10 bisphenol that may be used to prepare the polylactone diol is
4,4'-isopropylidenebiscyclohexanol.

The lactone used to prepare the polylactone diol of
the polylactone diol bis(allyl carbonate) has from 3 to 8
carbon atoms in the cyclic lactone ring and may be represented

15 by the following general formula IX,
IX

O

(CRgR1g) h—
Ry, CH

Oo—n

wherein h is an integer from 1 to 6, e.g., 1, 2, 3, 4, 5 or 6,
Ry, Ry, and R,; are each selected independently ffom hydrogen,
20 C,-C,, alkyl, C,-C; cycloalkyl, Cl—és alkoxy, benzyl and phenyl,
provided that at least h+2 of the total number of Ry, Ry, and
R), groups are hydrogen. Typically R,, R,, and R,; are each
hydrogen.
Examples of lactones that may be used to prepare
25 the polylactone diol of the polylactone diol bis(allyl

carbonate) monomer include, but are not limited to: beta-



4, 4' -isopropylidenebi scycl ohexanol. The |actone used to prepare the

pol yl actone di ol of the polylactone diol bis(allyl carbonate) has from3 to
8 carbowabomm9in the cyclic lactone ring and nmay be reprer®Rtiemsils5 by
the follow ng general formula IX, 1 X0 (cROR10) h-111 R11CH O wherein h
is an integer from1l to 6, e.g., 1, 2, 3, 4, 5or 6, R9, RLO and R11 are
each sel ected independently from hydrogen, 20 d-Cl12 al kyl, C5-C6
cycl oal kyl, Cl1-C6 al koxy, benzyl and phthyl, provided that at |east h+2 of
the total nunber of R9, RLO and R11l groups are hydrogen. Typically R9, R10
and R11 ar ePERIPLARFERS ARV EXRHPY B]LATEANge t BRlex- Rutatrofagtore usied teo

repare 2 t i $11 Q Q0! oL SRl chyh -
Ear bonat e) %n%{l%%(r%izh%h%ﬁ}%uﬁ] lsg?}él n%?m]gi hlﬁ%g%g%}?to 'gt' ab%/)\% 01/t7¥/%94

PCT/ US01/ 10981ma-but yrohaeiping jagrone: valanedabueye olepstidne |
bet a- butyro ; | ta- I | a ; pha: net hyl - gamma- but yr ol act one;
bet a- net %yl %Q%gaocni’rgrgzcggtgyr@?nfgrt%gng? ggﬁn?q"r%-%\’;g?grbﬁ%oc O%’r%,pygpSi | on-
capr ol act ormeenaqimepmebhyi -et ayombebhglh -nomdndpewh\Hdps ilonAroaprsiepropyk;: et c.

t hrough nonodadecyl epsi.l on-caprol act ones, _net hox n etgox , )
epsi | on- cap‘?egliqlaoc oﬁgg; e%lﬁl%’fyoﬁggflﬁoréb%alqrgﬁl?%%ﬁ%’l é%'tcgﬁgg?y heé?\%g}llon
epsi | on- captghantaeneses pastzylyleppsi Dih- @BRODAAESRIIS beAey B-GRANRANACt One;
and eta-caprylactone. In a preferred enbodi nent of the_present invention,
R9, RLO and“FRIPIEH8FR & RPAFBYHAET R s32d Fif 1TV ALEHRE T epPelent ed
by general pferdirea babdsinPsi benckap@saat 0Ngventi®nhORY/! ¢! ane £ ol
bi s(alli/l carbonate) nmononer may be represented by the foll ow ng general
formul a y, are each hydrogen, h is 4 and the lactone represented by

general formula IX is epsilon-caprolactone.

The polylactone diol bis(allyl carbonate) monomer
may be representéd by the following general formula X,

X

0 0

. [

Ry2—fH— 0~ C—(CRgR 1) h— CHRy 3 F—0— C—O0—Ry;3]
s 2

wherein Ry, R,,, R;; and h are as described previously herein

15

with regard to general formula IX. Subscript s of general
formula X is typically from 1 to 100 (e.g., from 1 to 10 or
from 1 to 5), R, is a divalent residue of the diol used to

20 prepare the polylactone diol, and Ry, is an allyl group (e.g.,
a substituted or unsubstituted allyl group as described
previously herein with referenée to general formula I). The
polylactone diol of the polylactone diol bis(allyl carbonate)
monomer typically has a number average molecular weight of

25 from 180 to 23,000, e.g., from 200 to 2500, as determined by
gel permeation chromatography.

A particularly preferred polylactone diol is the
reaction product of diethylene glycol and epsilon-
caprolactone, having a Mn of from 400 to 600, as determined by

30 gel permeation chromatography. Preferred polylactone diol

bis(allyl carbonate) monomers derived from the reaction



x OO0 11 11 R12-U O C(CROR10) h-CHRIIOCOR131 15 s 2 wherein R9,
R10, R11 and h are as described previously herein wth regard to general
fornmul a MO oBuhscript s of general formula X is typicallpctosewiogio 100
(e.g., froml1lto 10 or from1l to 5), R12 is a divalent residue of the dio
used to 20 prepare the polylactone diol, and R13 is an allyl group (e.g.

a substituted or unsubstituted allyl group as descri bed previously hereln
with reference to general fornula 1). "Th& ~pol yl actone diol of the

pol yl act one di ol bi s( aIIX car bonat e nononer typically has a nunber

aver age nol BEXFRGt Wi dhetlrles plyarlsmd ereilonocarrogactPreia0d®et o 2500,

as det er i nNgglby; ndely PRr ARAMAN rERE AIRILGABDNer £) RUchliEU| A7 135 PT f o1 ed
pol yl actone diol is the Treaction product of “di ethylene glycol and epsil on-

capr ol act onehi¢faR.ng sa aMdivdlentomesddue oo ethyleet exlivicnrdd By 30.gel

perneation ghr t a fer pol v: e ol | 1 r bonat e)
nonomnmer s degivgggfggﬁﬁp'xro %ﬁtﬁbngvtfd%ff%%%%HP%g%iﬁﬁlgkéogﬁ ¥%§5?product
of d|eth?lenesgﬁ%umﬂutaddakﬁxmIgznupaprkﬂpnﬂyiaetqng diel @QSCaEbeulmnth -
further reference .t ener al a_di val ent residue
of di et hyl enee%?rilactoc)) %%omﬁ_ erll‘-ﬁﬁ %rdé“ eta}\‘@hrﬁ%?’oodbl?mau 41%/ is from1l
to 2, and RiBetlsylamebglpsebsind epedlaidddprgnavpond FﬁtfalbeaCfé)ﬂ"&r@doko
bls(aIIyI car bonat e)_.nmononer derived fromthe reaction product of

di et hyl ene @?ﬁ&xﬁpﬁﬁﬁélgﬁé}Y(ﬂ? GapPbY S Shy 1 ehay I b T rRR LR T o mor e
speci fi cal | Yagsoimdeehi( da edhWiene1 o)y clirpst b Pnoraidi0l act one) di ol

bi s(allyl carbonate) nmononer. .10 As used herein and in the clains, with
refereng As used herein and in the claims, with reference to
the second allyl functional monomer, the terms polyether diol
bis(allyl carbonate) monomer and polylactone diol bis(allyl
carbonate) monomer, and more specific related terms {e.g.,
polytetrahydrofuran diol bis(allyl carbonate) and
15 poly(ethylene glycol/epsilon-caprolactone) diol bis(allyl
carbonate)} are intended to mean and include the named monomer
or prepolymers thereof and any related monomer or oligomer
species and any synthetic coproducts contained therein.
The second allyl functional monomer is typically
20 present in the polymerizable composition of the present
invention in an amount of at least 10 percent by weight,
preferably at least 20 percent by weight, and more preferably
at least 30 percent by weight, the percent weights being based
.on the total monomer weight of the composition. The second
25 allyl functional monomer is typically present in the
polymerizable composition in an amount of less than 60 percent
by weight, preferably less than SS percent by weight, and more
preferably less than 50 percent by weight, the percent weights
being based on the total monomer weight of the composition.
30 The amount of second allyl functional monomer that is present
in the polymerizable composition of the present invention may
range between any combination of these upper and lower values,

inclusive of the recited values.



t he second allyl functional nonomer, the terns polyether diol bis(allyl
carbonat e) nononer and pol yl actone diol bis(allyl carbonate) nononer, and
nore spesvodou7nied ated ternms {e.g., polytetrahydrofuran dpot/ubiisioesl y
carbonate) and 15 pol y(ethyl ene gl ycol/epsil on-caprol actone) diol bis(allyl
carbonate)} are intended to nean and include the named nononer or

prepol yners thereof and any rel ated nononer or oligoner species and any

synthetic coproducts contained therein. 1%he second allyl functional nononer

is typically 20 present in the pol yneri zabl e conposition of the present:
i nvention in an anpunfRofl AMRosiaent ehdheepressnaingientiopr fher abl y at

| east 20 pe S@yrﬁeLkbéa\B@bggémp@ﬂQ 1158r fuptt:]:?éxerc%g ¥idls laeQ%tlraoapf};fent by

wei ght , the percent wei ghts beli ng based on e total nononer wei ght of the
conposi ti onfufl'%'élcg@éon\énelseial | yilhef ghtrd (ﬁridlylnﬁnm3rona§ tmpppoed |35 present in

the pol yrre g%e%r]c%gﬁs éér?%sé pdhe f}%‘&b%doée{;]?&? 12%‘/’1 ednPe

wei ght , pre €ess t perce y welg re prggbrably

| ess t ham 5®0pmm¢nau abygl ME|§anlybhebp@ra%ﬂﬂ1 metgﬁna;e)bﬁbngmbased on the
total nononer mel P gg qp osition. 30 T? qf of second allyl
functi onal nD%rner t Yi s"pré ﬁvln?r??4%§a&o YhBti%481’e conposition of the
present invention may range between aanconblnatlon of these upper and

| ower val ues, inclusive of the recited values. WO 01/77194 PCT/US01/ 10081
19 In an enbodiment of the preséht” iNGéRIPohs 2 he pol ymeri zabl e

conposi ti onwhéeFd LR, CARPAI §6Faredthirkdi @hd Wt af gLy dONAl1RBAMBForm The third
allyl functional mononer is different than each of the first and second

al lyl fdAct PoREIYISNRpASKEPS, arkdPrsPandsiipdl B1¥tendlyandafbdaatd ¥aneononer
represent eddbylé,heanfdousom@ngn%ﬁ@&abr&% My g X g HpstFiRtebhBE (O ORI6] 2

unsubstituted allyl group as described previously herein with
reference to general formula I). The R, substituent is
preferably an unsubstituted allyl group. Examples of C,-C,

15 alkane diols of which R,; may be a residue include, but are not
limited to, 1,4-butane diol, 1,5-pentane diol, 2,2-dimethyl-
i,3—propane diol and 1,6-hexane diol. The third allyl
functional monomer may be prepared by methods that are well
known to the skilled artisan, and which have been described

20 previously herein with reference to the first allyl functional
monomer {(a) (i) and general formula II.

Examples of polyol bis(allyl carbonate) monomers
from which the third allyl functional monomer may be selected
include, but are not limited to, diethylene glycol bis(allyl

25 carbonate), 1,3-propane diol bis(allyl carbonate), glycerol
1,3-bis(allyl carbonate), 1,4-butane diol bis(allyl
carbonate), 1,5-pentane diol bis(éllyl carbonate), 2,2-
dimethyl-1,3-propane diol bis(allyl carbonate), and 1,6-hexane
diol bis(allyl carbonate). A preferred third allyl functional

30 monomer is diethylene glycol bis(allyl carbonate) monomer. As
used herein and in the claims, with reference to the third
allyl functional monomer, the term polyol bis(allyl carbonate)

monomer and more specific related terms, e.g., diethylene



wherein R15 is a divalent residue of a polyol selected from 10 di et hyl ene
glycol, 1,3-propane diol, glycerol and C4-C6 al kane diols, and R16 is an
allyl groupoyernigs, a substituted or unsubstituted allyl BeDupo®ogiescri bed
previously herein with reference to general formula I). The R16
substituent is preferably an unsubstituted allyl group. Exanples of C4-C6
15 al kane diols of which R15 may be a residue include, but are not Ilimted
to, 1,4-butane diol, 1,5-pentane diol,” 292=di methyl - 1, 3-propane diol and
1, 6-hexane diol. The third allyl functional nononmer may be prepared by

met hods t hagléfel el (alRpdwprikenalie) skare cdtepdpdate medd AR ciRHA® been

descri bed_ 20nar Sk aHSIHoREE b by FRLES GELE LHE by skagtdyt | functi onal

nmononer (a)(i1) and general forrmula | es of polyol bis(allyl
carbonat e) mononey r foldaener cipechest &md chrat Isyhthemice icopabduweor®ner may be

selected in e re not limted to, diethylene glycol bis(allyl 25
carbonate),@§%gghﬂ%%g%§§8?%l bi s(allyl carbonate), glycerol 1,3-bis(ally
carbonat &), 1, 4-but an@hdnahsdi,stakl yhirdallgnatenct ipmalpaenhaner disol

bis(allyl carbonate), 2,2- djnmethyl-1, 3-propane diol bi.s(al |. carbonate),
ona e 6 hes BRBSCRT S pPepar (1 o Bohares Ry comEt o PE Y o )
functional PPes®ONBIvensidheihdneafoghtysd b 3eaktyl pakcbapapg) nononer. As

used herein and in the clains, with reference to the third _allyl
functional HEhdHer PASHETERI M FollPEFthT & (RAUSFRECHY DIHANE) 2RABIBMEY and nore

speci fic rebatedrd@ e €efst b Sbb¥lene WQ0Lhy 7104k RETERP1IPRL 20

glycol bis(allyl carbonate), are intended to nean and include the naned
mononer 18r PEERDIRARSSS ophERe ofotaddmangneeweight abridifecopposl tigBirer speci es
and any synthetig; CORNQYHCESHcGURLE ASthddIer 6hin 2sdfien sused cdne, third
allyl functional nmononei is typically present in the pol yherizabl e
conposi ti onpogsemte in the polymerizable composition in an amount of less

than 50 percent by weight, preferably less than 45 percent by

weight, and more prefeyably less than 40 percent by weight,

15 the percent weights being based on the total monomer weight of
the composition. The amount of third allyl functional monomer
that may be present in the polymerizable composition of the
present invention may range between any combination of these
upper and lower values, inclusive of the recited values.

20 The polymerizable composition of the present
invention may be prepared by preparing separately the first,
second and optional third monomers, and then mixing the
separately prepared first, second and optional third monomers
together, thereby formipg the polymerizable composition. 1In

25 another embodiment of the present invention, the first allyl
functional monomer is a polyol (allyl carbonate) monomer, and
the polymerizable composition isvprepared by a method
comprising: '

(a) preparing separately a‘first chloroformate

30 intermediate of the first allyl functional monomer, a second
chloroformate intermediate of the second allyl functional
monomer, and optionally a third chloroformate intermediate of

the third allyl functional monomer;



present invention in an anount of at |east 1 percent by weight, preferably
at least 10 percent by weight, and nore preferably at |east 20 percent by
wei ght, tweoperngent wei ghts 10 bei ng based on the total npoDwsel/wesight of
the conposition. The third allyl functional nononmer, when used, is
typically present in the polynerizable conposition in an anount of |ess
than 50 percent by weight, preferably |less than 45 percent by weight, and
more preferably |ess than 40 percent by2keight, 15 the percent weights
bei ng based on the total mononmer wei ght of the conposition. The anmount of
third allyl functionalPhoReffeimg ehaixkage RE sPesehfst FhiRECPBIVHE | zabl e

conposi tion 19Ee£rh@d1a(&ﬁa95€ﬂé sMERE RN PBYo AR Ee 1 REL MREN 2Ry &RADI nation of
these wupper and |ower 'val ues, inclusive of the recited val ues. 20 The

pol yner i zablettemposi tthentbird hlgresermatd npsarinediarg; Badprepared by

preparing separately t , I i R?PR%S, and
then m xing the separgf %%£%%%f%§§§ ?ﬁﬁéﬁa%oggégﬁgﬁl Egbptpgﬁa ]ird
nonomner s 5 t ggetper ,oft Itéaeelbyxtftmemorfgthhefprﬂwwbﬂpzafmenar@npom tion. In 2|5
anot her enbod nent ..of -the pre inyention rst allyl . functiona
nonomer is a %o et el yFe e (%ﬂ%?gf BT ln% ﬁeéﬁﬁFe SSFyﬁgFlzé%]é'
conposi tionths ﬁhﬂ@ﬂkﬁdobyf@mmakhddteeﬁﬁﬂwauﬁ ngth(amhpuenabhag separ,ately a
first chloroformate 30 internediate of the first éﬁh functi onal nononer,

a second cRl BPBTOTHEE PRTATnEtReRPEt bFuteh addebnat Gl -1 GREFERhal

mononer, andoepihdnded Yoayhén ikl ebabosimion . i nternmediate of the third
allyl functional nononer; WO 01/77194 PCT/US01/10081 - 21 (b) formng a
mxtureldf the first &R ®rEtohedt embpdiesredifathe RIRSSEC HAUCRIIBY-Of or Nat e

i nt er medi at %heaE'HLr@%ﬁ'l?ﬁ.‘%&ﬂc&%%a&hhéﬁor@ll qr %9&15@4&1 IS8 gBd] A ionand (C)
reacting the chloroformate groups (-G
the concurrent preparation of the flrst and second allyl

functional monomers (i.e., in accordance with the above
described method, in which the chloroformate groups of a

15 mixture of the first and second chloroformate intermediates
are reacted concurrently with allyl alcochol). The separately
prepared third allyl functional monomer is then added to the
concurrently prepared mixture of the first and second allyl
functional monomers, thereby forming a polymerizable

20 composition comprising the first, second and third allyl
functional monomers.

Preparation of the chloroformate intermediates and
the subsequent reaction with allyl alcohol may be conducted in
accordance with art-recognized methods, e.g., as described

25 previously herein with regard to the preparation of the
polyol(allyl carbonate) monomers of the first allyl functional
monomer. As is known to the skilied artisan, the reaction of
chloroformate groups with allyl alcohol is typically performed
in the presence of an acid scavenger/ e.g., an alkali metal

30 hydroxide, followed by washing and isolation of the resulting
mixture of polyol(allyl carbonate) monomers. While the molar
equivalents ratio of allyl alcohol to chloroformate groups of

the mixture of chloroformate intermediates in step (c) may be



5 groups) of the mxture of the first chloroformate internedi ate, second
chloroformate internediate and optionally the third chloroformte

i nt er nedivad er/witvh al | yl al cohol (e.g., a substituted andpor/useiswbst it ut ed
allyl alcohol), thereby formng the polynerizable conmposition. 10 In a
further enbodi nent of the present invention, the third allyl functional
nononmer i s prepared separately from the concurrent preparation of the
first and second allyl functional nonof®rs (i.e., in accordance with the
above described nethod, in which the chloroformate groups of a 15 mxture
of the firste@hdhe@cdnd thiigr dFoPRateryas éPabdikg eptigr Berdacheddt 1

concurrently i tiheal ! by abeahal ko IhocssnRLatebips ALEPBLErL LAy al |y

functi onal nmononer is then adde e concurrently prepared m xture of
the first aneecsomdthl #31yl faleohpbhal Imosorpr é¢) tdfercbbyméthad of a

pol ymeri zab . i | Si t first, s nd and third allyl
functi onal %%ﬁ%%@%%ﬁpggé%%ggFﬁg%B%%ét eR@%ﬁS%% bfﬁgﬁgggﬁ é?lua%hfgssand
t he subséquentio edchildnl wviXdohalll yb chlcohdlormaye beramsdust egoianllgccor dance

wth art-regcogni.zed nethods, e.g., as described 25 previously herein with
regard to tﬁ%gﬁﬁepa%gg?ogq%f'thg’ %6?yoﬂ(§lry}'%arbonate) nononers of the
first allyl functionakFor mngoees &6 i19ushowpidm, tenskhél efdrsr Ghsan, the
reaction of chLoro;ornate roups with allyl_al cohaol is typically perforned
in the presBiteigra nm%‘?“&le’gcle?véﬁﬁ@r?nee%Y,Cobnb’aﬁ ledily IneREPomr Sy dr oxi de,

foll owed bycw@shidg andoisdalaican;: fedrRRibesUl s idthy1&hXt yigenf pol yol (al lyl
carbonate) nononers. Wile the nolar equivalents ratio of allyl alcohol to
chl or of & meP+s (Fdepetermatte Mbghukke dfecoRPopr bl farstinnal Msdicness in step

(c) may be WO D 1394 8L 44204410984 311%a—c$§¥gﬁgéygﬂe;dioﬂ” it is
preferred that the ratio ‘be at “| east f 1 (1.e., all of the chloroformte
groups are piefadlyh| garbonate), the second chloroformate intermediate is
‘ poly(diethylene glycol/epsilon-caprolactone)diol
bis(chloroformate); and when the optional third allyl

15 functional monomer is diethylene glycol bis(allyl carbonate),
the third chloroformate intermediate is diethylene glycol
bis(chloroformate). The mixture of chloroformate
intermediates may be formed according to methods that are well
known to the skilled artisan, e.g., by mixing with an impeller

20 under én inert atmosphere, such as a nitrogen.

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,

25 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

30 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



reacted with allyl alcohol). In step (c) of the method of preparing the
pol yneri zabl e conposition, the nolar equivalents 5 ratio of allyl alcohol
to chl or of@oneties groups is typically froml1l : 1 to 1.5 :Par/@soelogs:, 1.1 :
1.0. For purposes of illustration, when the first allyl functional nononer
is ethylene glycol bis(allyl carbonate), the first chloroformate
internediate is ethylene glycol 10 bis(chloroformate); when the second
allyl functional nonomer is a poly(diethytene ' 4
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amount of npéwssiiale,capabyiyafl ohgeaes addITPnil eperadiidedl snasuch as organic

roxy conpounds,. 25 i.e.,. .an_initiator. Methods for polynerizing
Bgl yol>/( al FE‘T‘Z‘Q%’agrlﬁé’g&%?O%ﬁﬁ&&-t i OTRESHTEMATE L IATRAT Boet FRPSiTPEd arti san

and any of. abase @kkoks®Whe eeBilgles HRYyRervsad toa pplydmidze the
af oredescri bed pol yneri zabl e conpositions. Suitable exanples of organic

per oxy COMPURIMTILEOFhae IBFEPEPPHe RREKYSd cREPPRAtr s i ncl ude:

peroxynonocar bonat e £ QlibunBUSH A digkbl-eLyuIH BEE PXyed Rl opy!
carbonate; peroxydicarbonate esters, such as di(2-ethyl hexy

per oxydi carPeyiatesizgi themyaeyiburls )copeprexytbmardfotaeepeerkntD 01/ 77194
PCT/USOl/lOQﬁUené%%n may vary and will depend on the particular initiator

used. Only that amount that is required to initiate and
15 sustain the polymerization reaction is required, i.e., an
initiating amount. With respect to the preferred peroxy
éompound, diisopropyl peroxydicarbonate, typically between 2.0
and 5.0 parts of that initiator per 100 parts of monomer (phm)
may be used. More usually, between 2.5 and 4.0 phm is used to
20 initiate the polymerization. The amount of initiator and the
consequent cure cycle should be adequate to produce a
polymerizate having a 0 second Barcol 935 hardness (i.e., as
measured using a Model No. 935 Barcol Impressor) of at least
65, preferably at least 70, e.g., from 70 to 80. Typically,
25 the cure cycle involves heating the polymerizable organic
composition in the presence of the initiator from room
temperature to 94°C over a period.of from 15 hours to 30
hours.
Various éonventional additives may be incorporated
30 into the polymerizable composition of the present invention.
Such conventional additives may include light stabilizers,
heat stabilizers, ultraviolet light absorbers, mold release

agents, such as internal mold release agents, pigments and



di i sopropyl peroxydi carbonate; diacyl peroxi des, such as 2,4- dichl orobenzoyl
peroxi de, isobutyryl peroxide, decanoyl peroxide, |auroyl peroxide,

propi onylw@er/ouMpde, acetyl peroxide, benzoyl peroxide, ppchuseioesizoyl

per oxi de; 5 peroxyesters such as t-butyl peroxy pivalate, t-butyl peroxy
octylate, and t-butyl peroxyi sobutyrate; nethylethyl ketone peroxide,
acetyl cycl ohexane sul fonyl peroxide, and azobisisobutyronitrile. Preferred
initiators are those that do not discoPér the resulting polynerizate. A
preferred 10_injtiator is_djisopropyl peroxydicarbonate. The amount of -
initiator u§éﬁx%Q}#HﬁPPHa?%@%ﬁﬂYespég?ﬁeﬁv%éthéaﬁbﬁ%ﬁﬁﬁﬁpféwmérﬁﬁﬁﬁééitions
of the presenf. B i%eRLLQPdBh y idd L clhyar
initiator uséed. Onl yB’t hat anoe\lf%'[l ?%g?oaiwsésr ggﬁ?ﬁe %%???gi@}%& 15
sust ai n t hedperygratiesat | epnveHdonen péditdagisr ade tymicaldy presertatinng
amount. Wt e : e prefe I . LLS I
peroxydicargg%d%£&£%§%?8% I3P6%¥Vé%§g%£%]géﬁgtgggpgggggugkgtﬁégéggﬁ%ianr
per 100 parissofthmndfepef@nt) bynwyipet usede Mppecalslyalllegs beameen 2.5 and

4.0 phmis us t0.20 initiate fhe pol rizatjon..  The ampunt of, initiator
and the coﬁ%g%%%tntbyc NSk dts ﬁSHﬁan%gelaeééc’qué B 1EPrS rrgcgy areight,
pol yneri zat babavidig theOtsechne iBaccor Qb phaytlaessmrlie @ompasitisasur ed

using a Mbdel No. 935 Barcol, I npressor) of at |east 65, preferably at
| east 70, e.g., from 79 e?ﬁfatfﬁpPEEﬁ%%ﬁd fSO?FRP%Xﬂ%§1éﬁEE@“ﬁHQOIves

heati ng t heppDiwdtEIZababl 8r g icomp6OMPRsIst beNchd J e PEeSRNSE n t he
initiator fromroom tenperature to 94C over a period of from 15 hours to
30 hourt8. ¥&FiUs I BRY P IR LY dBF RRSRAT Sigy OB eCR G gar GLe} BV into the

pol yner i zablga € AfAQS imE..}l_Oﬂe Qfsdd1€ op" 581 a1l AYEBLL OMbycHSUEh €AY &4 onal
additives may include Tight stabilizers, heat stabilizers, ultraviolet

| i ght absor erhalfgicdlersenssungdenses, suakdons, | Ftemesivaol d rel ease
agents, p'gg?gﬁébéygﬁcies, e.g., windshields, T-roofs, sidelights and

backlights, and for aircraft transparencies, etc. When used

15 to prepare photochromic articles, e.g., photochromic lenses,
the polymerizate should be transparent to that portion of the
electromagnetic spectrum which activates the photochromic
substance(s) incorporated in the matrix, i.e., that wavelength
of ultraviolet (UV) light that produces the colored or open

20 form of the photochromic substance and that portion of the
visible spectrum that includes the absorption maximum
wavelength of the photochromic substance in its UV activated
form, . i.e., the open form.

A first group of organic photochromic substances

25 contemplated for use to form the photochromic articles of the
present invention are those having an activated absorption
maximum within the visible range of greater than 590
nanometers, e.g., between greater than 590 to 700 nanometers.
These materials typically exhibit a blue, bluish-green, or

30 - bluish-purple color when exposed to ultraviolet light in an
appropriate solvent or matrix. Examples of classes of such
substances that are useful in the present invention include,

but are not limited to, spiro(indoline)naphthoxazines and



WO 01/77194 PCT/USO01/ 10081 24 flexibilizing additives that are not

radi cally polynerizable, e.g., alkoxylated phenol benzoates and

pol y(al kywwene7gby/col ) di benzoates. Conventional additiveBCHUSOWpsical |y
present in the conpositions of the present invention in anmounts totaling 5
| ess than 10 percent by weight, nore typically less than 5 percent by

wei ght, and conmonly | ess than 3 percent_ by weight, based on the total

wei ght of the polynerizable conpositibﬁgspolynerizates obt ai ned from

pol ymeri zati on of, ri zabl e, organi ¢ conpositions of the present

ol yne _
i nvention %ré’r(énggﬁ%e)mzﬁ?‘é%?%l y TPRERSTRE &iesr chpticacty SefRar so

that they rgnederhusRdc fOAibRRhEES! atERRRSriBLE N ATHRI 8Pen alder@RALBAlI M C
| enses, sun | enses, w ndows, autonotive transparencies, e.g., W ndshields,

T-roofs, si%hA ifGRt s¥amRle bacRl i Brtantsand. $o? HiZicraff8t¢dvsparencies, etc.

Wien used 15 4@, 56P3L & NQEACHE 0L AkLT & €57, ®e9. 4, PROLAGNr Oni C | enses,
t he pol ymerizate should be transparent to that portion of the

el ect r onagret§le . Spéct ¢+ LiRomeicdh 4ctiddPés thbsphsteochroskamplsubst ance(s)
i ncor por at ed. | e i [ . ngt f ulgraviolet (W Iight
-f!i?a?yﬁgg p rw hbﬁlgatl%%%é\ﬂgg?%f gan% t?l? y%xt
i

t hat produce e colored or open rmof” the photochrom ¢ substance and
t hat porti s _im 1] ctvalmmehat 1| nothedeshtbei s sochbpoar maxi mum

wavel engt h of the photochrom_c.substance in its Wactivated form..i.e.,
the open fo3r’mGt13\nPi ?’sté)rgorwélugkgft%]?’gé%ﬁ%? Bhg?%ca}ﬂdoﬁoﬁ‘ssu{}%‘i'an@&%’ 25
cont enpl at etbrkor 1838. to formthe photochromc articles of the present

i nvention are those having an activated absorption nmaximumwthin the

vi si bl et ange of gredt FPRANIEHP HaRSHARRET Phadoghronet \ibStgreat er t han

590 to 700 smanempleEsd fokhese PBt@iidkset YRbcHHm@¥hibiiciasbbéeene
bl ui sh-green, or 30 bl ui sh-purple color en exposed to ultraviolet |ight

in an apprRASEEREelRWEREM 8 nBliege hapgiagpttes asfste PAS stFsPtégeh

maximum and preferably two absorption maxima, within the
visible range of between 400 and less than 500 nanometers.

15 These materials typically exhibit a yellow-orange color when
exposed to ultraviolet light in an appropriate solvent or
matrix. Such compounds include certain chromenes, i.e.,
benzopyrans and naphthopyrans. Many of such chromenes are
described in the open literature, e.g., U.S. Patents

20 3,567,605; 4,826,977; 5,066,818; 4,826,977; 5,066.,818;
5,466,398; 5,384,077; 5,238,931; and 5,274,132.

A third group of .organic photochromic substances
contemplated for use to form the photochromic articles of the
present invention are those having an absorption maximum

25 within the visible range of between 400 to 500 nanometers and
another absorption maximum within the visible range of between
500 to 700 nanometers. These matérials typically exhibit
color(s) ranging from yellow/brown to purple/gray when exposed
to ultraviolet light in an appropriate solvent or matrix.

30 Examples of these substances include certain benzopyran
compounds, having substituents at the 2-position of the pyran
ring and a substituted or unsubstituted heterocyclic ring,

such as a benzothieno or benzofurano ring fused to the benzene



substances that are useful in the present invention include, but are not
limted to, spiro(indoline)naphthoxazines and WO 01/ 77194 PCT/ US01/10081 -
25 spir WO ndolivye) benzoxazi nes. These and ot her cl asses PET/H8@0081

phot ochrom ¢ substances are described in the open literature. See for
exanple, U S. Patents: 3,562,172; 3,578,602; 4,215,6010; 4,342, 668;

5, 405, 958; 4,637,698; 4,931,219; 5 4,816,584; 4,880,667; 4,818,096. Al so
see for exanple: Japanese Patent Pubfi@étfon 62/ 195383; and the tg?t,
Techniques in Chemstry, Volune 111, "Photochrom sm" Chapter . 3, enn H.
Br own, qui t §PT 3B PERECROIS - | AECh MERTIFFIETAFPE SEBIAC s ond
group of or gasi cpphaitoshy, 08l £2$ubmt.ances contenplated for use to formthe
photochrom c articles of the present invention are those having at | east

one absorption maxi MAYPESAPESIErIBLY SRS EBSE6F pEPBIPPARIAR, 28 t hin t he
vi si bl e range eb-ReiWReB 400 ad hedsthhathaQQ nanomet gr,s, ,13) These

materials typically exhibit a yellow orange color when éxposed to
ul travi olset thigheriir aryappdoaridatessotvaent mercupnt ¢ivhiz8nehes ovipiotinds

ol ude cer LaRNGGLLATRRCIn | o5 o ERZORYTANS B0d: NAPALNOBYT ANS. NNy of

such chronenes are escribedin’t open terature, ., U S Patents 20
3,567, 605; #u836d9y Ands fO66BiB:s, 4886, O ;3 -Fud6h, &1B;3-thidf6] 398;

5,384, 077, 38.931; and.5, 274, 132. thir ro of . ani.c._phot ochrom c
subst ances §8§ﬁf%$ﬁﬂiﬁpegu%%%m%ﬁ§§ 0 F r?ﬁ?ié}sgﬁégg%ﬁng{ 'ak??%?%s of the
present invenbdomRzr ettt hosemhand, ,Ngias absSOfqghoBoMEw MM 25nwi 3di n the

vi si bl e range of betmegn 400 to 500 nanoneters and another absorption

maxi mum™i t hi n the vi $P6I S TDRTEEF bty 808Ut PASGORARBAEt ers. These
materials tgpbsohhdeLXhi bhé aftsdeebs)ibadPHatant kO aldwhBEMy t 0

purpl e/ gray when exposed to ultraviolet light in an appropriate solvent or
matri x. herein, in toto, by reference. _The photochromic articles of
the present invention may contain one photochromic substance
or a mixture of photochromic substances, as desired. Mixtures
15 of photochromic éubstances may be used to attain certain
activated colors such as a near neutral gray or brown.

Each of the photochromic substances described
herein may be used in amounts and in a ratio (when mixtures
are used) such that a polymerizate to which the mixture of

20 compounds is applied or in which they are incorporated
exhibits a desired resultant color, e.g., a substantially
neutral color such as shades of gray or brown when activated
with unfiltered sunlight, i.e., as near a neutral color as
possible given the colors of the activated photochromic

25 substances. The relative amounts of the aforesaid
photochromic substances used will vary and depend in part 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‘

30 herein may be applied to or incorporated into the polymerizate
by various methods described in the art. Such methods include:
(a) dissolving or dispersing the substance within the

polymerizate, e.g., imbibition of the photochromic substance



30 Exanpl es of these substances include certain benzopyran conpounds,
havi ng substituents at the 2-position of the pyran ring and a substituted
or unsubswooutae4 heterocyclic ring, such as a benzot hi enecDUSEeEnasIf ur ano
ring fused to the benzene WO 01/77194 PCT/US01/10081 26 portion of the
benzopyran. Such nmaterials are the subject of U S Patent No. 5,429, 774.
O her phot ochrom ¢ substances contenpl ated are photochrom ¢ organo- net al
dithizonates, i.e., (arylazo) 5 thiofér%?d’arylhydrazidates, e.g., nmercury
di t hi zonates which are described in, for exanple, U S Patent 3,361, 706.
Ful gi des antPfUIGEnPaexTeRizfte k¥ S0PensionaRl 82 MANPPriEutiided and

ful gi m des Mbt cdbirakeoteserdimednoRobhomniRalkgBlt ateddL 2Y0c Rkl UM 20, line
5 through columm 21, |line 38. 10 The disclosures relating to such

phot ochr omi EFansifisst anksPT IV Hiegdat by ethesorhber pAudmtange eas ricor por at ed
herein, in ééﬁé%at@ylﬁ?é?rﬁgga%enngjQ&thqggggéCo@ﬂ%%ﬁ%@%yﬁ%riéé%%,present

i nvention may contain one photochrom c subsStance ure of
phot ochr bm - $ubsisapcrart axf depilpder Midiur esd 16 )ofappAgting hrtem ¢ subst ances

may be used%g Qg;g&- ceit Al activated colors such.as near. neutral gray
or brown. é%h 0 tE% %%otSECFon%CP%ﬁbéFa%cggatég%f?ﬁgagﬁg}eﬁﬁ may be used
i n anounts sumkdae afrahe pdwmemipaké ures are used) such that a

pol ynmeri zate to which_the mxture of 20 co unds is applied or in which
they are incorporatedPESé%ﬁﬁb§¥’ap%ﬁﬁﬁqqﬁﬁmﬁgs RPCESI B $ e.g., a

subst anti al 1iycorpeuttal LdOrheuUpBl ptersirades, Oindgriay paktE@WY When acti vat ed
with unfiltered sunli?ht, i.e.,_as near a_neutral color as possible given
the col of s TIPTHELABLFY at TP ISHELBCFHTHA POIBMRTIAETCOS. I ePTaHeRE ve

amount s of iherafiehesai feardNQFOCHE 05 G BUDSTROCES S eflL 1 ¢ 1 3ar Band depend
in part upon the relative intensities of the color of the activated
speci es "imbibe" is intended to mean and include permeation of the
photochromic substance alone into the polymerizate, solvent
assisted transfer absorption of the photochromic substance
15 into a porous polymer, vapor phase transfer, and other such
transfer mechanisms.

‘ The amount of photochromic substance or composition
containing same applied to or incorporated into the
polymerizate is not critical provided that a sufficient amount

20 1is used to produce a photochromic effect discernible to the |
.naked eye upon activation. Generally such amount can be
described as a photochromic amount. The particular amount
used depends often upon the intensity of color desired upon
irradiation thereof and upon the method used to incorporate or

25 apply the photochromic substances. Typically, the more
photochromic substance applied or incorporated, the greater is
the color intensity. Generally, the amount of total
photochromic substance incorporated into or applied to a
photochromic optical polymerizate may range from 0.15 to

30 0.35 milligrams per square centimeter of surface to which the
photochromic substance(s) is incorporated or applied.

The present invention is more particularly

described in the following examples, which are intended to be



of such conpounds, and the ultimate col or desired. The photochromc
conpounds or substances described 30 herein may be applied to or

i ncor por avedi/imbH the polymerizate by various met hods deBcT/iUb@dons1 t he
art. Such nethods include: (a) dissolving or dispersing the substance
within the polynerizate, e.g., inbibition of the photochrom c substance WO
01/ 77194 PCT/US01/10081 - 27 into the _polynerizate by imersion of the
polynerizate in a hot solution of thé ﬁgofochronic substance or by thernal
transfer; i provi di ng the photochrom c substance as a separate |ayer

bet ween adj Atk tqaa?}éfﬁso’é*y't [ NS8| PHBe T @odiEhcapiongsagd pyariafionsnol yer
film and (eheAPi Wild bheapfhehechs o ssS RS 20& € RS hHRakke Of whiGRat i ng

pl aced on the surface of the polymerizate. Preferably, photochronic

subst ances akeervyifeorperafirt i fild PARtHENFTEL L zRRRIENtagES| Arpanti cul ar, 10
substanti al [y, letely cured polynerizates of the present invention by
means of |nb|b|t|on The term"inbibition" or "inbibe" is intended to nean
and incl 6de perneation of the photochrom c substance alone into the

pol ynmeri zate, solvent assistgd tr@ggf@&ag or pt i op of the photochromc
substance 15 into a porous poggﬁer——vapurJgﬁase—rransfer and ot her such
transfer mechani sns. The anmount of ph&m@ahranlc substance or conp05|t|on
contai ning sane applied t in or at.e neri zat.e i s not
critical provided t hat™a® @ﬁgfp ﬂYgﬁhgﬁﬁg ggof% g?o%ﬂﬁ8aﬁ ake
phot ochr om gaefdesfardids eesmivtee ihgrétentinkedsayatiped ast tnation. '
Gbnerallé such. anpunt can be described as _a photochrom c_anount. The

r

parti cul8r EAbifHing daRlechenddcortBRLaf0IIYARL | P iiBileyobereaiedr desi red

upon irradiatdaRedieceol andipen the g@aaegty&%é %thg}@@ﬁ@cgl%lor 25
apply the photochrom c substances. Typically, th
bis(allyl carbonate) monomer.

Table A
15 Ingredients Weight (grams)
Charge 1
phosgene 33
Charge 2
ethylene glycol » 124
20 Charge 3
phosgene 412
Charge 4
phosgené ' 74
25 Charge 1 was added over a period of 15 minutes to a

1 liter four-necked round-bottom jacketed flask with
concurrent cooling to 5°C. - The flask was equipped with a
motor driven TEFLON polymer stir blade, a phosgene inlet tube,
a thermocouple, pressure equalizing addition funnel, and a

30 cold condenser qonnected to a sodiﬁm hydroxide scrubber. With
the completion of the addition of Charge 1, Charges 2 and 3

were each added to the flask simultaneously over a period of 5



phot ochrom ¢ substance applied or incorporated, the. greater is the color
intensity. Cenerally, the anmount of total photochrom c substance

i ncor por av@dv/imvo or applied to a photochrom c optical pepCywsel/metie nay
range from0.15 to 30 0.35 mlligranms per square centineter of surface to
whi ch the photochrom c substance(s) is incorporated or applied. The
present invention is nore particularly _described in the follow ng

exanpl es, which are intended to be WO 047 77194 PCT/ US01/10081 28
illustrative only, since nunmerous nodifications and variatjons therein

will be appit 208 #hodWuds FREBeF e - ar Purild ¢be 28Rt M SF specified,

al | parts amghjels peas®ni ages abRpdyacuiRi BBtcho vRkhesi st BtRMeheskA - D
Exanpl e A An et hyl ene choI bi s(chl oroformat e) internediate was prepared

from the i NEREUIOOREEVES SUFRIELI Fedn? marikethan 10w A TablendaofThbe
ethyl ene gl é(&:f?ﬂtﬂéh%?hét‘i’a&%feorz”a{&ﬁ% cdrﬂ:te%"tEEQt alie 1e§ JURefH e 42 1408

preparation of ethylene gl'ycoll bis(allyl carbonate) nonomer. bfle A 15
| ngr edi eht Sf%ﬂ@htnl(lg‘?%mﬁ-joll@hafigley ltheheddeheo83Ef Charge 2 @tehylaene gl ycol

124 20 Ch% C()D% ggogge%l%%t%gag]ﬂ gﬂlnutehOS%lr{:% zﬁe comﬁ]eatr % %fms added

over a perio m nut es
the addition of Charge 4, the contents of the flask were

sparged with nitrogen gas at a temperature ranging from 27°C

to 30°C for a period of approximately 24 hours. The contents
10 of the flask were transferred to a suitable container. The

assay of the reaction was determined to be 96 percent, based

on titration of a mixture of the product and pyridine.

Example B
15. Ethylene glycol bis(allyl carbonate) monomer was
prepared from the ingredients as summarized in the following
Table B. The ethylene glycol bis(allyl carbonate) monomer was
used in polymerizable compositions 1 - 3, as described in

further detail herein.

20
Table B
Ingredients Weight (grams)
Charge 1
ethylene glycol bis{(chloroformate)
25 intermediate (a) 243
allyl alcohol 176
diallyl carbonate 29
Charge 2
30 50 percent -sodium hydroxide (b) 244

(a) The ethylene glycol bis{(chloroformate)
intermediate was prepared according to the method described in

Example A.



1 liter four-necked round-bottomjacketed flask with concurrent cooling to
5C. The flask was equi pped with a notor driven TEFLON pol yner stir bl ade,
a phosgemweobnbab4 t ube, a thernocouple, pressure equali zi pPQT/addl/0DSIN
funnel, and a 30 cold condenser connected to a sodi um hydroxi de scrubber.
Wth the conpletion of the addition of Charge 1, Charges 2 and 3 were
each added to the flask sinultaneously over a period of 5 WO 01/77194

PCT/ US01/ 10081 29 hours and 4.6 houfs3?e§pectively. During the addition
of Charges 2 and 3, the tenperature of the contents of the flask were
observed to rise to no nore than 18C. At the end of the addition of Charge

2, the cont epf sardfaguBeul| §skutiRne c8htd 118Gha® shb@udt hydeutias {oldrpowed by the
addition of Charge 4 over a period of an additional 15 mnutes. Wth the

conpl eti on BFCURh©faEdi PREFEIT bEhupiehts, balsedcontdift $o5R1t Heldhtasif were
sparged wtpyoidd0g8R,0as at a tenperature ranging from27C to 30C for a
period of approximtely 24 hours. The contents 10 of the flask were
transferbped to a suitable container. The assay of the reaction was

O e 0 78 oo PPhE Sl A0SR0 0 R L WY e o0t
nonomer wasropre{katednf jackdtrel ghgsedilents abishnwer iez@dpped twiehf al | owi ng
pol yrrer | zabT 8 CorBGSer BHELE Fodihat trelnrriana: (1R PuPPRLPdot ai | her oi n.
20 Tabl e B togdetheent & Yeigllatigyassiliddhange lret HeeHacRbYH the
bi s(chlorof ormate) 25 internediate (a) 243
10 flask) ‘and a thermometer connected through a temperature feed-
back control device. The contents of the flask were cooled to
-9°C and Charge 2 was added slowly over a period of 1 hour and
10 minutes. Throughout the addition of Charge 2, the
temperature of the contents of the flask was not observed to
15 exceed 15°C. Upon completing the addition of Charge 2, the
contents of the flask were allowed to warm to and stir at
approximately 25°C for an addition 2.5 hours. The contents of
the flask were separated into organic and agqueous phases by
the addition of 500 milliliters (ml) of water and 200 ml of
20 methylene chloride to the flask. The organic phase was
collected and washed twice with approximately 1500 ml of
deionized water. The washed organic phase was stripped at a
temperature of 105°C under a vacuum of 10 millimeters (mm) of
mercury, and filtered through activated carbon.
25 The resulting product monomer of Example B was
obtained in 74 percent yield, and was found to contain 92
percent ethylene glycol bis(allylvcarbonate) monomer, based on
an analysis by high pressure liquid chromatography and a
comparison of peak areas.
30
Example C
A polylactone diol bis(chloroformate) intermediate

was prepared from the ingredients as summarized in Table C.



allyl alcohol 176 diallyl carbonate 29 Charge 2 30 50 percent sodium
hydr oxi de (b) 244 (a) The ethylene glycol bis(chloroformate) internedi ate
was prepavedi/aueording to the method described in Exanpl pBCHUSMO00E 77194
PCT/ US01/ 10081 - 30 (b) An aqueous solution containing sodi um hydroxi de
in an anmount of 50 percent by weight, based on the total weight of the
solution. 5 The ingredients of Charge 1_were added to a 1 liter

round- bottom j acket ed gl ass fl ask, whi cht vias equi pped with a notor driven
TEFLON pol yner stir blade, water cooled condenser, a circulating cooling

unit (for the REIRERPE?IAFERE0-PhRYS Libdorot PEtatSHef BF S EBRH& ed St hr ough a
t enper at ur eudemd- ihacke GRIJRL A8y £€ poilg&%aﬁﬁaié‘dﬁo%eothbheo{é @3k yer e
cooled to -9C and Charge 2 was added slowy over a period of 1 hour and

10 m nut es. SIHMBAGROUTCRIMETEAi t i on of Charge 2, the tenperature of the
contents of the flask was not observed to 15 exceed 15C. Upon conpl eti ng
the addition of Charge 2, the contents of the flask were allowed to warm

to and s%ir at approxinately 25C forradeaddition 2.5 hours. The contents
of t he f| rated into nrnanlr and aqueQus nhases hy t he

addi tion oﬂigﬁﬁgérPFﬁllters (m) of water and 200 rieightodazami)|ene

chloride to the flask. The organic phasg;avas coll ected and washed tw ce
wi th approximately 1500 m of deionlzes wat er. The washed organi ¢ phase
was strippeRPefRgeRe tenperature of 105C under a vacu®ifm of 10 nillineters

(mm of nmercury, and filtered througﬂafgéhyaied carbon. 25 The resulting

product nononer of Exanple B was
10 polylactone diol (c) : 3993

Charge 3
phosgene ' 1713

(c) TONE 0201 poly(epsilon-caprolactone) diol obtained from
Union Carbide.

15 Charge 1 was added over a period of 15 minutes to a
5.1iter four-necked round—bottom jacketed flask with
concurrent cooling to 5°C. The flask was equipped with a
motor driven TEFLON polymer stir blade, a phosgene inlet tube,
a thermocouple, pressure equalizing addition funnel, and a

20 cold condenser connected to a sodium hydroxide scrubber. With
the completion of the addition of Charge 1, Charges 2 and 3
were each added to the flask simultaneously over a period of
8.5 hours and 7.5 hours respectively. During the addition of
Charges 2 and 3, the temperature of the contents of the flask

25 were observed to rise to no more than 38°C. At the end of the
addition of Charge 2, a heating mantle waé placed on the
flask, and the contents of the flask were maintained at a
temperature of 320(C throughout the rest of the addition of
Charge 3. With the completion of the addition of Charge 3,

30 the contents of the flask were sparged at a temperature of
32°C with nitrogen gas for a period of approximately 24 hours.

The contents of the flask were transferred to a suitable



obtained in 74 percent yield, and was found to contain 92 percent ethylene
gl ycol bis(allyl carbonate) nononer, based on an analysis by high pressure
i quid ciwonrttags aphy and a conparison of peak areas. 30rEraspl®osE A
pol yl actone di ol bis(chloroformate) internediate was prepared fromthe
ingredients as sumarized in Table C. WD 01/77194 PCT/US01/10081 31 The
pol ycapr ol act one di ol bi s(chl or of or mat eé internediate is wuseful in the
preparation of pol ycaprol actone diol bisfaflyl carbonate) nononers. 5
Tabl e C Ingredients Wi gr ans Charge 1 phosgene 67 Charge 2 10
pol yl act one SBRE}iREY)- 3§ 8 a%ﬁf’é’r gh ﬁh%%ﬂj“éﬁé’nl‘?i% dgtormpRe 6‘2%
pol y(epsi | op=ca@i0] aklkeReHn di o5 LRt ALRESE 4 Qm(cypé%lf Q@{ebbgsduclé &arge 1
was added over a period of 15 mnutes to a liter four-necked
round- bot t oRVFa@kg-ed flask with concurrent cool ing to 5C. The flask was
equi pped with a notor driven TEFLON pol yner stir blade, a phosgene inlet
tube, a thernocouple, pressure equalizing addition funnel, and a 20 cold
condensels connected to a sodi um hydr@xa'mi:elesorubber Wth the conpletion of
the addition of Charg . ach ddtotheflask
si nul t aneousl y over ag‘p%?ll}g(;a r% gﬁgﬂ%ulrss(a\aﬁtﬁ °§ﬁgs?r BSPett Very.
During the adéepirean fabm Chargesediants ?suntrdael"zeapﬂﬁainﬁ gotfiovey cont ent s of
LRSS Table D. The polylactone diol bis(allyl carbonate) monomer

was used in a polymerizable composition according to the

10 present invention, as described in Examples 2 and 3.

Table D
Ingredients Weight (grams)
Charge 1
15 polycaprolactone bis(chloroformate)
intermediate (d) 328
allyl alcohol 68
diallyl carbonate 39
Charge 2
20 50 percent sodium hydroxide (b) 94

(d) The polylactone bis(chloroformate)
intermediate was prepared according to the method described in
Example C. '
Charge 1 was added to a 1 liter round-bottom

25 jacketed glass flask, which was equipped with a motor driven
TEFLON polymer blade, water cooled condenser, a circulating
cooling unit (for the jacket of the flask) and a thermometer
connected through a temperature feed-back control device. The
contents of the flask were cooled to -9°C and Charge 2 was

30 added slowly over a period of 1 hour. Throughout the addition
of Charge 2, the temperature of thé contents of the flask was
not observed to exceed 25°C. Upon completing the addition of

Charge 2, the contents of the flask were stirred for an



25 were observed to rise to no nore than 38C. At the end of the addition
of Charge 2, a heating mantle was placed on the flask, and the contents of
the fl askvewereripmi ntained at a tenperature of 32C t hr oughoDUSt®ogiest of
the addition of Charge 3. Wth the conpletion of the addition of Charge 3,
30 the contents of the flask were sparged at a tenperature of 32C with
nitrogen gas for a period of approximately 24 hours. The contents of the
flask were transferred to a suitable W31/ 77194 PCT/ USO1/ 10081 - 32
contai ner. The assay of the reaction was determined to be 99 percent,
based on a %44%%@6% SfhQpGf RE R et PIPGIFEUBP 0Bl CIPPARF 1Py i AREC -5 Exanpl e D
A Pol ylact ong. dichlchis (8 Iede e3L0ONALR) BROKRLS Wito BEERA LA om the

i ngredi ents summari zed in the foll ow ng abl e D. The pol yl actone di ol

bi s(al |yl czaussavgt ehapphdiverthenaddissian iof &0potiddiizabs e(rtonmpdsi ti on
according tg. i t ipveptlan, d i.bed,i 2 d 3.
Table D | ng(?@é1 I gr#'g %?ﬁf?o( I&lﬂérrg%éﬁ%ha?ég §§§%lﬁzo §‘8§%F‘g ac‘JtogLﬁg‘:th

bi s( chl o% of ordrateshedi nwerareditat apfrhxid28elgl 1300 allcolioie E8hizdidal | yl

car bonat e 3‘9 te(]:parggeZ aZSQIe 0 egcecnt soglei umsc\%drr.oxi e élg‘)\ 94 d% The
pol yl act one"Bi€(chl 6F of b7 Itat 8f IF At eREF al' s via'sr PPESaf e &WEFEFRY Eo t he
met hod descsf had eicnundxanp hacGum Gharige mi 1vage tshledmn® af Indddfy, and
round- bot t om 25rj %cket ed glass flask, which was equi pped with a notor
driven iltered through” activated carbon.
The resulting product monomer of Example D was
10 obtained in 74 percent yield, and was found to have an iodine

value of 66 grams of iodine per 100 grams of monomer sample.

Polymerizable Composition Examples 1 - 3

Table 1 summarizes two polymerizable monomer
15 compositions. Example 1 is a comparative example. Examples 2
and 3 are representative of embodiments of the present
invention. The level of diisopropyl peroxydicarbonate used in
each of examples 1 - 3 was selected so that the polymerizates
obtained therefrom were substantially completely cured.

20



TEFLON pol yner bl ade, water cool ed condenser, a circulating

cooling unit

(for the jacket of the flask) and a thernoneter connected through a

t enper at we of/emds back control device. The contents of thectisskioosr e
cooled to -9C and Charge 2 was 30 added slowly over a period of 1 hour.
Throughout the addition of Charge 2, the tenperature of the contents of
the flask was not observed to exceed 25C. Upon conpl eting the addition of
Charge 2, the contents of the flask weré*stirred for an WO 01/77194
PCT/US01/10081 33 additional 2 hours at a tenperature of approximately

25C.  The contents of the flask_merefﬁﬁﬁ@réted into organic and aqueous

phases by t

fl ask. The organi ¢ phase was collected 5 and washed twice with

t he

approximately 1200 m of deionized water. Pheswgskethiar gani ¢ phase was

stripped at a tengg&g%ﬂ%ﬁfoof 110C ynder A vyacuum of 10_m | 1.i e

ugh aptivapeﬂpcarbon. e.resu?TRng pr oduct

mercury, and filtere

ters (nm of

monomer of Exanpf@a@ﬁg@;gigfgbfarﬁeﬁ—fﬁ-?ﬁ—pefeeﬁf—yfe+dr—aﬁd—mas found to
have an iodine walsig1nfi €8-1haps) of| iodine per 100 grams of nononer

sanpl e.  Pol yrerizabher Genpasiiban Examppes 1 - FsTable 1 synmari zes two
pol yneri zabl e nononmer 15 conpositiorls. Exanple 1 is a conparative exanple.

Exanples 2 and 3areadwepeesient ati ve of enbodi ments of the present

i nvention. The | evel(abfyldcasepaogyl |per oxydi carbonate used in

each of

exanples 1 - 3 wasnesteciteEkaspleimat [t he pol yneri zat es obtasned therefrom
were substantially conpletely cured.] 20 WO 01/ 77194 PCT/USO01/ 10081 34

Table 1 Parts by ddeichhiene glycol
bis(allyl carbonate)

monomer (e) 0 0
diisopropyl
peroxydicarbonate 2.8 2.8

5 (e) CR-39® monomer, commercially available from PPG

Industries, Inc.

Cast sheets of the polymerizable monomer

compositions of Table 1 were made in the following manner.

Each monomer composition was transferred to a suitable vessel

10 and the designated amount of di-isopropyl peroxydicarbonate

was added. The resulting initiated polymerizable monomer

composition was mixed using a magnetic stir plate and magnetic

stir bar at a temperature of 4°C. The initiated monomer

composition was then filtered through a 0.45 micron MAGNA

15 nylon filter using a 316 stainless steel 1.5 liter pressure

filter holder, under 20 pounds per square inch (138 kPa) of

nitrogen gas. The resulting filtered composition was then

poured into glass molds having interior dimensions of, 15.24 x

15.24 x 0.32 cm.

20 The filled molds were then placed in a heated water

bath and cured using the following 5-stage cure cycle:

(1)

isothermal hold at 38°C for 6 hours; (2) linear temperature



I ngredi ents Exanple 1 Exanple 2 Exanple 3 ethylene glycol bis(allyl
carbonate) nononer of Exanple B 100 55 35 polylactone diol bis(allyl

car bonat eyonormaper of Exanple D 0 45 35 diethyl ene gl ycobpcbius§iziobsl
carbonate) nononmer (e) 0 O 30 diisopropyl peroxydicarbonate 2.8 2.8 2.8 5
(e) CR-39(r) monomer, commercially available fromPPG Industries, Inc.

Cast sheets of the polynerizable nononer conpositions of Table 1 were made
in the following manner. Each nonomer éenposition was transferred to a

sui tabl e vessel 10 and the designated amount of di-isopropyl :

per oxydi car BBREEZSE f&SMadBi2e. anthé 0P Esevey g Peri P e pomyfer (¥abl e mononer
COMPOST t1 ON14ASa I sehbelatnbe AATAIACE! £r iRl BbCo AN JRINGTpLri il Iofe Dar at
a tenperature of 4C. "The initiated nonomer conposition was then filtered

t hrough a 0745 keuwison (KAGNMRES rhpipardtyre degstage af 316 940 v 8 steel 1.5
iter pressuie, Jiddibahgbdery under 20, POYNISBGLL SAUAT €nlgh (138 kPa) of
nitrogen gas. The resulting filtered conposition was then poured into

gl ass nobdsbhblviarg iaebdihgrtalirmens temsedtures £3241owed by?2dexoldi3ky.cm 20 The
filled nold rethen placed i heat ed water bath and.cured using the
fol | owi ng 5?21\9%%1(: rré’chziig’r%S: %fi)t%ei%oﬁesr #&F%‘B?%F‘é‘ie"géédf 'g]?ees hours; (2)
| i near tenpeeastlhse a0 02bUTA9H RETTAIR04/210081 - 35 increase from 38C and
60C over a period of 8 hours; (3)

Table 2

10 Physical Data

Cast Sheet of Cast Sheet of Cast Sheet of

Physical Test : Example 1 Example 2 Example 3
Percent Transmittance (f) 91.0 93.8 93.6
a* (g) -0.4 -0.1 -0.1
b* (g) +4.4 +0.5 +0.6
Density at 25°C (g/cc) 1.34 1.29 | 1.27
Barcol 934 Hardness 53 N.D.! N.D.!

(0 seconds) (h)

Barcol 934 Hardness 51 N.D.? N.D.?
(15 seconds) (h)

Barcol 935 Hardness 92 ’ 71 72
(0 seconds) (i)

Heat Distortion Not Detected 45 43
Temperature (k)
(°C at 10 mils) (3j)

Total Deflection 0 22 40
(mils at 130°C) (1)

Fischer Microhardness 186 52 47
(N/mm?)  (m)

'N.D. = Not Determined. The cast sheets of Examples 2 and 3

were too soft for analysis by a Model No. 934 Barcol



| i near tenperature increase from60C to 94C over a period of 7.5 hours;
(4) linear tenperature decrease from94C to 82C over a period of 1.5
hours; amdob)7ip£noval fromthe water 5 bath and cool i ng pOT/US@IMO0081
tenperature foll owed by denol ding. Physical properties of the sheets were
measured and the results are tabulated in Table 2. Table 2 10 Physi cal
Dat a Cast Sheet of Cast Sheet of Cast Sheet of Physical Test Exanple 1
Exanpl e 2 Exarrple 3 Percent Transmitfante (f) 91.0 93.8 93.6 a* (g) -0.4
-0.1-0.1 b.* (g) +4.4 +0.5 +0.6 Density at 25C ( 1.34 1.29 1.27
Bar col 934 HBERTAFESE 53 35 'suQhp, Barqql S8Cohasyesd %Béﬁ‘cﬁ s @htFaigrdness 51

N.D.1 N.D.' thddr2R8CQ8¢883 { MogBargo! $£35 gHacdness%s4E.72 (0 seconds) (i)
Heat Distortion Not Detected 45 43 Tenperature (k) (Cat 10 mls) (j)

Total Deflection 0 22 40 (mls at 130C) (1) Fischer M crohardness 186 52

47 (N m n r eetso llgs 2 and 3
ere 100 soft) POl R ot By Rbad G 35 B col VB 1/ 7104

PCT/ USO151088IM D 1363, Iwmsaoﬁunam &b goedh]l BRERG cO36rimgtthiress data was
obt ai ned tg%gleow%m gstgngena c_Milth ngdurQC?éS_ Bar col | @r essor.

(g) a* (redness-greenness) and b* (yellowness-blueness) values
were determined in accordance with ASTM D 1925-70, using a

10 Hunter Lab model D25P-9 colorimeter employing a Lumen C light
source. Positive a* values indicate redness, negative ax
values indicate greenness, positive b* values indicate

yellowness, and negative b* wvalues indicate blueness.

15 (h) Barcol 934 Hardness was determined in accordance with ASTM
- D 2583-92 (using a Model No. 934 Barcol Impressor), taking
scale readings immediately after the Barcol impresser point

penetrated the specimen, and 15 seconds thereafter.

20 (i) Barcol 935 Hardness was determined using a Model No. 935
Barcol Impressor, taking scale readings immediately after the

Barcol impresser point penetrated the specimen.

(j) The Heat Distortion Temperature was measured, at a
25 deflection of 254 microns (10 mils), in accordance with ASTM D
648-86 using a Custom Scientific Instruments Model HDV3

DTUL/Vicat Softening Point Apparatus.

(k) No distortion was detected for the cast sheet of Example 1

30 up to a temperature of 130°C.



(f) Percent transmttance was determ ned in accordance with 5 ASTM D 1003,
using a Hunter Lab nodel D25P-9 colorinmeter enploying a Lumen C |ight
source. (W om?7164 edness- greenness) and b* (yel | owness- bl uparEs)1/Mmadiues
were determ ned in accordance with ASTM D 1925-70, using a 10 Hunter Lab
nodel D25P-9 colorinmeter enploying a Lunmen C light source. Positive a*

val ues indicate redness, negative a* values indicate greenness, positive
b* val ues indicate vyellowness, and neghtive b* val ues indicate bl ueness.
15 (h) Barcol 934 Hardness was determ ned in accordance with ASTM - D
2583- 92 (usiHg TRERBIRFL Mert ign42Bat ERIC Midsr 8L inedakrngcceedaAnEer eadi ngs

i mredi at el y, &fd Qi B8R usTRE S S@stRRl BEieReN8ly ahed ths sPReckhaen, and
15 seconds thereafter. 20 (i) Barcol 935 Hardness was determ ned using a
Model No. 9853 BIPVEOVi¢amprsefsening akdim§ dpphratusadi ngs i mmedi ately after
the Barcol inpresser- point penetrated the specinmen. (j) The Heat
Distortion Tenperature was neasured, at a 25 deflection of 254 mcrons (10
mls), ih atworfdasber W idroh8ThihBss 64i8r 8Gitsi of NeuCessope Scs®@nrtrief | C

I nstrunents del HDV3 DTUL/ Vi ¢cat . Sof.teni ng_Poi nt ratus. (k) No

di stortion JELEEL ST SIETERB RS (U Rge P g¥s%§§5§§égg%’Hé8°up to a

t enper at ur emdrch3@Ene MO KEtAAEI4y EET WSOH 20081 ris3her(dpbHotial Defl ection
at 130C was determned, in accordance wth ASTM D 648-86 usjing a Custom
Sci entific ¥FAOGRERL E1NbdIE MRENVEREFMISAYi EReT BofMPe APAGT POt ¥0SAppar at us. 5
(m Fischer Mcrohardness (in units of Neutons per square mllinmeter) was
determ ned using a FI SCHERSCOPE(r) H100 m crohardness testing system from
Hel mut FPscher GibH, The dat@op@afielanizt Henprs iatgbathar pal Wsaiant g

DSty uctl ONSocalBNE-HR 2 10 DL £ ITIRBRLE Aokt ROl MRl AL oS

. Qﬁg&
obtained froma po ynerlzibl nononer conpositions accordin
to the present invention (e.g., Examples 2 and 3) have a heat

distortion temperature of at least 40°C. In addition, the

data of Table 2 shows that a polymerizate of the first allyl
15 functional monomer alone, e.g., ethylene glycol bis(allyl

carbonate), has a 15 second Barcol 934 hardness of at least 40

(Example 1).

Photochromic Article Examples 4 - 6

20 Additional test samples were cut from the cast
sheets prepared from polymerizable compositions of Examples 1
- 3, as described previously herein. Example 4 represents an
attempt to imbibe a sheet cast from the polymerizable
composition of Example 1. Examples 5 and 6 represent sheets

25 cast from the polymerizable compositions of Examples 2 and 3
respectively, that were éach successfully imbibed with
photochromic substance. The test samples were imbibed with a
resin solution containing 40 percent by weight of PHOTOSOL® 7-
219 photochromic substance, 16 percent by weight of PHOTOSOL®

30 7-330 photochromic substance and 44 percent by weight of
PHOTOSOL® 7-232 photochromic substance, the percent weights

being based on the total weight of .photochromic substances



to the present invention (e.g., Exanples 2 and 3) have a heat distortion
tenperature of at least 40C. In addition, the data of Table 2 shows that a
pol yneri v e1/ofi94 he first allyl 15 functional nononer al orer/Usoiglopsiet hyl ene
gl ycol bis(allyl carbonate), has a 15 second Barcol 934 hardness of at

| east 40 (Exanple 1). Photochromc Article Exanples 4 - 6 20 Additi onal
test sanples were cut fromthe cast sheets prepared from pol yneri zabl e
conpositions of Exanples 1 - 3, as destt i bed previously herein. Exanple 4
represents an attenpt to inbibe a sheet cast fromthe pol ynerizable
conposi ti onPEISeBEafpl BN . rei@npPeYt Borand Ther BIPEXER® sheadfs PI%FF%? from
the polyneriz : 0 LA of d ively, that were
eachpsugcesJéf%H ;%n?ng?@g%édvﬂ%tl? %ﬁgféc r%)l%s‘cszsa% s?%?%reh%%%%%t est sanpl es
wer e i nbi bephatiadhramicesibstsokati aveidantlai nbnge Ui aiéyc éndm BPArei ght  of
PHOTOSOL(r) 1 /5 19 %hoioghrom'c substance, 16 percent by weight of
PHOTOSOL(r) d:JIJOg 2530 plho’t ochrom ¢ substance and 44 percent by wei ght of
PHOTOSOL$r) 7-232 phorechr awilat soixs taEnede ph@tcﬁmfm;ilt: mmﬁ/esggé??oggied
on the total wei ght ofphotochrom. c substances WD Q1/77194 PCT/ USO1

38 presentFH tcg’gtia sPRER GG FOfS Ot heHERBRIRDLe7 5595 PHATESOL(r)

7-330 and PHAIEEEO:EE} dhekdd WaLer tiad:S aahewlaPy ey haher PIOLOGRLOEHC
substances avail able conmercially fromPPG |Industries, Inc. 5 Resin

sol uti ons of@hdOophaP dBHrHfisc fetibtathdys haat 19 fsitn Schated idhfo one si de of
the test samgpil@asheet svedhr goai fgbd estnshept e est hellydldoned.to dry

under an infrared lanp for 20 mnutes followed by heating for 5 hours in a
forced &f r wWavesefran UBssQveThand riiliswedt et canoesoorreent@ragnpeed from

the oven anﬂqealilm?)\ﬁﬁgdtpesﬁ?gxla\r}\\kQ éqgéget %@Sr%w&ghﬁh&aéﬁ@& QJG_LQ,ht §§1;Csarrplles
wer e then thoroughly washe th 3
water to remove the resin solution.
Photochromic performance data for the imbibed test

sheets were determined through use of an optical bench. Prior

15 to testing on the optical bench, the imbibed test sheets were
exposed to 365 nanometer ultraviolet light for about 15
minutes to activate the photochromic compounds and then placed
in a 76°C oven for about 15 minutes to bleach or inactivate
the photochromic substances. The imbibed test sheets were

20 then cooled to room temperature, exposed to fluorescent room
lighting for at least 2 hours and then kept covered for at
least 2 hours prior to testing on an optical bench maintained
at 23.9°C.

The optical bench was equipped with a 300 watt

25 Xenon arc lamp operated at about 200 watts, a remote
controlled shutter, a Schott WG-320 nm cut off filter, which
removes short wavelength radiation, neutral density filter(s)
and a constant temperature water bath in which the sample to
be tested was immersed. A collimated beam of light from a

30 tungsten lamp was passed through the test sample at a small
angle to the normal of the center of the test sample. After
passing through the test sample, the light from the tungsten

lamp impinged a beam splitter which split the beam into two



water to renove the resin solution. Photochrom c performance data for the

i nbi bed test sheets were determ ned through use of an optical bench. Prior
15 to tesvong7um t he optical bench, the inbibed test sheepesTASIRI00EXPOSE
to 365 nanoneter ultraviolet light for about 15 mnutes to activate the
phot ochrom ¢ conpounds and then placed in a 76C oven for about 15 m nutes
to bleach or inactivate the photochrom c substances. The i nbi bed test
sheets were 20 then cooled to roomtenpéfature, exposed to fluorescent room
lighting for at |east 2 hours and then kept covered for at |east 2 hours
prior to teSEFIRADGH BRABHIITC HIUBNERLeRT Iiai nEle zaflpgted sqprndsswi cal

bench was eguipRRE WhitB-fe309 WALHL azé%%%oﬁaﬁév\‘c}palsaéf&ﬂ?@wwda at ~about 200
watts, a renote controlled shut a Schot't 320 nmcut off filter

whi ch  r enpdeseairart ﬁh%elllré?ﬂjtlﬁcméia¢¢warmeb$aralwa$ed§reyt¢¢Ittl‘efrO(us)l and a
constant te he_s be fested was

i mrer sed. A?Eg{?ﬁﬁggg ]%%ﬁ?%%g ghgh%f%%%hg Ogg%%ﬁﬁ%gﬁ Iaﬁ% was passed

t hr ough Phephestpisafpl eerntpas ssralvhve bargltdst eutlh]ethw rmle détédmorcent er of

t he test sarrPIlcsAt\ter gssin F‘OIE‘ h the tes tthe Ilr#t fromthe
tungsten |anp inpinged A beam s% FtTer WIFEh s F?é‘ b2&F3 1t 6 Fho WO
01/ 77194 PCIh&SEHet@081s) -wed® pyecesskad )bybeaHSdIl‘fmeﬂikliahhhﬁlﬁed[@Iﬂv)éreahe
reflected sgcondary beam was directed through. a 480 nm band pass filter to

a det ect or *FheUfr EPTRE T SEESHE%}JSPWWF%%eCﬁ reSEEdPRRT SIHP™LE 620 nm

band pass pﬁ@fmmantbl 8&ta tobraidetiect i .thEhembi Pt QR Cshidt£r passes

wavel engt hs such that the detector mmcs the response of the human eye.

The out gﬁt signals from the det ector(s) wer e processed by a radi onet er

whi ch del i vered—data to a conmputer——i gHowng—Ttabte—3—+ists

phot ochrom ¢ performance data obt ai neo}i) fer om the inbi bed test sheets.
Photochromic Performance

Test Example 4 Example 5 Example 6
Net Absorbance at 390 N.D.? 1.3 1.1
nm (n) :

AOD (o) N.D.2 0.62 0.63

(15 minutes, 23°C)

Bleach Half Life (t,,,, N.D.? 55 62
seconds) (p)

’N.D. = Not Determined. Sheet cast from the polymerizable
15 composition of Example 1 could not be imbibed to any
appreciable extent, and as such photochromic performance data

relative to Example 4 was not determined.

(n) Net Absorbance at 390 nm, (viz., absorbance of the imbibed
20 lens in the bleached state minus the absorbance of the
uncoated lens) was determined at room temperature using a

Varian Model Cary 3 spectrophotometer.

(o) Change in optical density (AOD) was determined on the
25 optical bench by inserting an imbibed lens, in the bleached

state, into the sample holder, adjusting the transmittance



10 Table 3 Photochrom c Performance Test Exanple 4 Exanple 5 Exanple 6 2
Net Absorbance at 390 NND. 1.3 1.1 nm(n) DOD (0) N.D.2 0.62 0.63 (15

m nut es, Ww8Q)/7Bbeach Half Life (t112, N.D.2 55 62 secondBQT/p)1/1dd81D. = Not
Det ermi ned. Sheet cast fromthe polynerizable 15 conposition of Exanple 1
could not be inbibed to any appreciable extent, and as such photochrom c
performance data relative to Exanple 4 was not determ ned. (n) Net

Absor bance at 390 nm (viz., absor bance?®f the imbibed 20 lens in the

bl eached state m nus the absorbance of the uncoated |ens) was determ ned

at room t enpeRHE e 198F ngPReR NG ERA MRS rCEFg™ 3t R tarCap kTR er . (0)

Change in optbeade dARTALYolLODdMAE 1 Get&) ThABe Obhd N st2350REd ClonPENCh by
inserting an inbibed lens, in the bleached sftate, into the sanple hol der,

adj usting t Ree thiarsiieft ahees WO 01/ 7710 1RGT/(Use1/ 1908 ansdalltal e to 100%
openi ng thegshid.ley) LEam.t h@ea?g%@gﬁ%' iy &%ngmﬁeya&ee Uit £8Y! ol ety e ﬁ'( ati on

to change the test square from ached state to an activated .e.,
subst ant Pal byatelardiened) cstattiog tbaschangg tiheopt kgmlinidenanty agrddidng

activated 5 _state nd,cal cul ating tge chan in optical density according
the formul atﬁfﬁcf%"él?foﬁﬁ% g@)f?é’?érra aES %iapé‘? c'g'ﬁ“t PeEFERsm ttance in the
activated staimsntindanhbBe i0QMd bHIMiVscdd sthite bagecHd.1o0bbeiprt iind tof
exposure to the ultraviolet Iiglht ) i
the base 10. The period of exposure to the ultraviolet light
from the Xenon lamp at the time the percent transmittance is

10 determined, and the temperature of the water bath, are both

noted.

(p) The Bleach Half Life (T,,,) is the time interval in seconds
for the absorbance of the activated form of the imbibed lens
15 to reach one half the highest absorbance at 23°C after removal

of the source of activating light.

The data of Table 4 shows that photochromic

articles made from substantially completely cured

20 polymerizates of the present invention have improved organic
photochromic substance incorporation and good phbtochromic
performance properties compared to substantially completely
cured polymerizates prepared from the first allyl functional
monomer alone, e.g., ethylene glycol bis(allyl carbonate)

25 monomer.

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

30 and to the extent that they are included in the accompanying

claims.



fromthe Xenon |anp at the tine the percent transmttance is 10 determ ned,
and the tenperature of the water bath, are both noted. (p) The Bl each Hal f
Life (Tl mdyoi/g7ivhe tine interval in seconds for the absoromuse/whsit he
activated formof the inbibed lens 15 to reach one half the highest
absorbance at 23C after renoval of the source of activating |ight. The data
of Table 4 shows that photochromic articles nade from substantially

conpl etely cured 20 pol yneri zates of th&!present invention have inproved
organi ¢ photochrom ¢ substance incorporati on and good phot ochrom c

per f or mance"proffeti es conmpared to substantially conpletely cured

pol ymeri zates prepared. fromdiheefi Ll Aldowbobiidd @RabrispRpMer al one,
e.g., ethylene glycol bis(allyl carbonate) 25 nonomer. The present

i nvention has been deée)idhddratt allyleflanenéenad nomepeti kaddtaidts of
ticul i . b Ses [ ] ils b
particul ar f@%t{%”ﬁlg [}qgfo%%, Ldid Sfﬂ%% %Eiﬁf%qlcttgéﬁaf%&o%%&a' S b€

regarded as ation on "t he scope e 1 nvention except Insofar as
30 and t9 theirextsedectédtsudheyhar ea i sudsudediahly hompdeoapanguimg clains. WO
01/ 77194 PCT/1U801/.10981 41 . W?.cl ali n i zabl e conposi Ei on

eri d fi¥stC.a a 1

. A pol r
Somti o) ng PO ipArg of Hhsa FaEa @l vl ehaBOLII LERANE: GRS 00 1)

groups, saiseddondsBaakbbyloFaunatinasd srameeasd 4081 rgdsel ected such that a

bstanti al | | et el d I izat e, of idfirst allyl functional
mononer has a 15 secOhd BAFCOPIOB HarGRESLSRT JOTPBEST HO.td (b) a

second al | ydi ffHiehitORabm NEHIGTEE rs WA CR/1l Sundt {éeemonbrheom sad dfirst allyl
functional nmononer and is 10 selected from
10 selected from,
(i) polyether diol bis{(allyl carbonate) ;
(ii) polylactone diol bis(allyl carbonate);
and
(1iii) mixtures of (i) and (ii),
15 wherein said second allyl functional monomer (b) is present in
said polymerizable composition in an amount to provide a
éubstantially completely cured polymerizate of said
composition having improved organic photochromic substance
incorporation relative to a substantially completely cured

20 polymerizate of said composition free of (b), and heat

distortion temperature of at least 40°C.

2. The polymerizable composition of claim 1
wherein said first allyl functional monomer (a) is selected
25 from
(a) (1) an allyl functional monomer represented by
the following general formula,
R- [-0-C(0)0O-R,],
wherein R is a divalent residue of a diol selected from 1,2-
30 ethane diol and 1,2-propane diol, and R, is an allyl group;
(a) (ii) an allyl functional monomer represented by

the following general formula,



(1) polyether diol bis(allyl carbonate); (ii) polylactone diol bis(allyl
carbonate); and (iii) mxtures of (i) and (ii), 15 wherein said second

al lyl fumwobormabs monomer (b) is present in said pol yneri pablUsoicongiosi ti on
in an anount to provide a substantially conpletely cured pol ynerizate of
said conposition having inproved organi c photochrom c substance
incorporation relative to a substantiall corrpl etely cured 20 pol yneri zate
of said conposition free of (b), and heé¥ distortion tenperature of at

| east 40C. 2. The pol ymerizabl e conpositi on of claim1 wherein said first
allyl functional mononmer (a) is seékggted 25(Rg)kym (a)(i) an allyl

functional nononer represented by |the followng general formula, R- [-O-C
(O ORL,] z wherein Ris di vale a digl selected from1l, 2-
30 ethane diol and 1,2-propgne d an ajjl yl group; (a)(ii) an
al Iyl functional non®yeroreprese y o-Ag—genekal formula, WO
01/ 77194 PCT/ USO1/10081 - 42 (Rl)&p ( 2g OX O 11 ~ 11 R3-0-CGO

O C- 0- R3 wheherqirRR, ol R2 are @@@hssbda@mdedndaplemctelm ifyofr emgteach ot her
and i ndepen oL, ggn fromCl- al k or e. and brom ne,
p and g aregglgé% |r(lide8§ CFGI ?/ﬂg, ‘Eg i i eg rg}ld %rdt hé ky ]X is a

di val ent |i nklogingr eupd bsetiect,e¢p tndny -dre, eaSh,mcﬁ(;ﬁi’l)dentlﬁ(ﬁ)-, -CH2-1

- CH=CH,

5 “integer from 0 to 4, and -X- is a divalent linking group

selected from -O0-, -S-, -S(0,)-, -C(0)-, -CH,-, -CH=CH-,
0
| | \
-C(CH;),-, -C(CH,) (CHs) - and , and R; is an allyl
group;

(a) (iii) an allyl functional monomer represented by

10 the following general formula,

0]
I
R,—0—C
)
Il
C—O0—R,
wherein R, is an allyl group; and
(a) (iv) mixtures at least two of (a) (i), (a) (ii)

and (a) (iii).
15
3. The polymerizable composition of claim 1
wherein the polyether diol of the polyether diol bis(allyl
carbonate) (b) (i) is selected from homopolymeric polyether
- diols, random copolymeric polyether diols, block copolymeric

20 polyether diols and mixtures thereof.

4. The polymerizable composition of claim 1

wherein the polylactone diol of the polylactone diol bis(allyl



- C(CH3) 2- , - C(CH3) (CBH5) - and O, and R3 is an allyl group;
(a)(iii) an allyl functional nonomer represented by 10 the foll ow ng
Moomutass 0 11 R4-0-C O 11 CORA wherein R4 peT/@soiaobsal group;
and (a)(iv) mxtures at least two of (a)(i), (a)(ii) and (a) (iii) . 15 3.
The pol yneri zabl e conposition of claim1l wherein the polyether diol of the
pol yether diol bis(allyl carbonate) (b)(i) is selected from honopol yneric
pol yet her
pol yet her diols and m xtures thereof. 4. The polynerlzable conposition of
claim1l whexdiqnatige pol (4idctionshei Bradiionhpredist &t gnéiel Andids(al lyl WO
01/77194 PGI{{5Q1/ 10081 - 43 carbonate) (b)(ii) is the reaction product

gener al

of a di

ol

di ol s, random copol yneri c potyether diols, block copolymeric 20

and a lactone. 5. The polyrerizable conposition of claim4 5

wherein the diol of the polylactone diol is selected from Iinear or
branched al i phatic di IsfH%yig fron¥§>to 20 rbon gt ors,

le cG ition o

(C2-C,)al kyl ene glycols, cycPoaYﬁ di61'8 aV|n from ‘ﬁo 8 carbon

at ons i nst hehexyeciin ¢hei agol mﬁmhycbom]amrmél dldl alss seblesph@rﬂ)}csn

hydr ogenat e bIS hen nd, 1 xtur her e d the lactone of the
Pt o PEanaiihd EPBAFE oS, PR ARBnd RavihGFOh 3 o 8

pol yl act one~Ht

car bon

10

15

20

25

30

atoms, poly(Cf4;)a1kylene glycols, cycloaliphatic diols having
from 5 to 8 carbon atoms in the cyclic ring, monocyclic
aromatic diols, bisphenols, hydrogenated bisphenols and
mixtures thereof; and the lactone of the polylactone diol is
selected from at least one lactone having from 3 to 8 carbon

atoms in the cyclic lactone ring.

6. The polymerizable composition of claim 5

wherein said lactone is epsilon-caprolactone.

7. The polymerizable composition of claim 1
wherein said first allyl functional monomer (a) is present in
said composition in an amount of from 40 percent by weight to
90 percent by weight, based on the total monomer weight of'
said composition, and said second allyl functional monomer (b)
is present in said composition in an amount of from 10 percent
by weight to 60 percent by weight, based on the total monomer

weight of said composition.

8. The polymerizable composition of claim 2
wherein said first allyl functional monomer (a) is allyl
functional monomer (a) (i) for which R is a residue of 1,2-
ethane diol, and said second allyl functional monomer (b) is

peolylactone diol bis(allyl carbonate).

9. The polymerizable composition of claim 8

wherein the polylactone diol of the polylactone diol bis(allyl



atonms in the cyclic lactone ring. 6. The pol yneri zabl e conposition of claim
5 15 wherein said |actone is epsilon-caprolactone. 7. The pol ynerizabl e
conposi tivomonf7ied aim 1 wherein said first allyl functioneCT/veoowes1 (a) is
present in said conposition in an anount of from 40 percent by weight to
20 90 percent by weight, based on the total nononmer weight of said
conposition, and said second allyl functional nononer (b) is present in
sai d conposition in an amount of from-16%percent by weight to 60 percent
by wei ght, based on the total nononmer weight of said conposition. 25 8.
The pol yner c2&aBPe2engdsilt i bniofthel aparpionpererat seff ¢ Pitpdt amd |3
functional HREESRL, (A kSof!d¥lcnel BBELI Q0ATRABTES . (AhLlckehOE I Ch R 1S 2
residue of 1,2- ethane diol, and sai second a yl functional nonomer (b)
is 30 polyl déneae @i dlrabrk¢dldilphesibodbeles ha9inTherquol2y trer B¢ aprbon

conposition | aj \ in the pol ct i ol, af. t I t one

di ol bis(al F;Q/Fm\%ba‘%f?/ygfi\ég%@?iqﬁﬁﬁ%ﬁégg ' -‘g’%ﬁog%é %%nlact e%c’?g)%{%‘?ﬁ%‘% s the
reacti onspr éddoot 5 dfo & deobomratams hactlomeiydiie ding, dfydrbgepateyd act one di ol
is selected from Linear or branched al japhatdi ¢c. diols havi gg {Arom 2 to 20
carbon at oRESPREIECI EATHF KASEn ERGT D! SR TRF o 15514t °¢ P01 s having 5
from5S to 8peaybadtdiicomBol Nid R 1eyebiCiFomGt NydsOoaAatiedtohé SRR s and
m xtures thereof; and the | actone of the palylactone diol is selected from
at |east on&¥PAct dife Bh&GFRTR 7B 37t BB FEB6En 1 3EFRE T PBhe cyclic | act one
ring. 10 10. The pol ynerizable conposition of claim9 wherein the diol of
the polyl actone diol is diethylene glycol, and the |actone of the

pol yl act!éne di ol is ep8il ofhe PaPrBRaETYNE composition of claim 9

wherein the diol of the polylactone diol is diethylene glycol,
and the lactone of the polylactone diol is epsilon-

caprolactone.

15 11. The polymerizable composition of claim 10
wherein the polylactone diol of said polylactone diol
bis(allyl carbonate) has a number average moiecular weight of

from 400 to 600.

20 i2. The polymerizable composition of claim 1
wherein said first allyl functional monomer is a polyol(allyl
carbonate) monomer, and said polymerizable composition is
prepared by a method comprising:

(a) preparing separately a first chloroformate

25 intermediate of said first allyl functional monomer, and a
second chloroformate intermediate of said second allyl
functional monomer;

(b) forming a mixture of said first and second
chloroformate intermediates; and

30 (c) reacting the chloroformate groups of said
mixture of said first and second chloroformate intermediates
with allyl alcohol, thereby forming said polymerizable

composition.



15 11. The pol ynerizabl e conposition of claim10 wherein the polylactone
di ol of said polylactone diol bis(allyl carbonate) has a nunber average
nol ecul awowi/ghv4 of from 400 to 600. 20 12. The pol yneri pabiUsoicongiosi ti on
of claim1l wherein said first allyl functional nononmer is a polyol (allyl
carbonate) nonomer, and said pol ymerizable conposition is prepared by a
nmet hod conprising: (a) preparing separately a first chloroformate 25
internediate of said first allyl funcfi 8al nonomer, and a second
chloroformate internedi ate of said second allyl functional nmononer; (b)
formng a mxture of said first and second chloroformate internedi ates;

and 30 (c) reacting the. c@lxggl%@&gg;@l@r&ﬁpgsgé &@l&mpﬁggﬁge of said first
and second chl orof ormate internedi ates | yl al cohol,” thereby form ng

sai d pol ynerizabl e céﬁbo%liillr@ﬁ aWy D P anPLTHUSTEr1baging 45 13, A
pol ymer i zab?gagprggv%s H? dT%J's‘ S0y %ﬂ%slt a‘l!l%f \fl-létwongﬂnrﬁ&}o%@ nmonomer

havi ng at east two a ups, sai r st functional mononer 5
bei ng seFecbeins =i echat aucsl‘utrsllaanal mbqta@@mplbyacynm@tteﬁiypmmri zate of

said first al f.un t| opal secand Bar col 934 rdness of
at | east 40?0{%3‘“12&1% ong a?ﬁrgjr}qfunc?ﬁ(syl fuﬁﬁt:b?rréa?l RER™ | ?er ent
from sai d feeséndlHaylkol unes |1m1&nlne§§n@ﬂ&rt aadstsw A0 sel ect ed from (i)

pol yet her diol bis(al Iglﬂ car tg:on 1 %JH& act orr}lerdl 81111 hi s(sal | yl
carbonate); and (iii)Phiktif é’é‘ 16 (Q %/ e ch
different from said first allyl functional monomer and is
10 selected from,
(i) polyether diol bis(allyl carbonate) ;
(ii) polylactone diol bis(allyl carbonate) ;
and
(iii) mixtures of (i) and (ii); and
15 (c) a third allyl functional monomer that is
different than each of said first and second allyl functional
monomers, said third allyl functional monomer being
repfesented by the following general formula,
’ Rys- [0-C(0) O-Ryq]
20 R;s is a divalent residue of a polyol selected from diethylene
glycol, 1,3-propane diol, glycerol and C,-C, alkane diols, and
R, is an allyl group,
wherein said second allyl functional monomer (b) is present in
said polymerizable composition in an amount to provide a
25 substantially complétely cured polymerizate of said
composition having improved organic photochromic substance
incorporation relative to a substantially completely cured
polymerizate of said composition free of (b), and heat
distortion temperature of at least 40°C.‘
30
14. The polymerizable composition of claim 13
wherein said first allyl functional monomer is present in said

composition in an amount of from 25 percent by weight to 90



15 (c) a third allyl functional nononer that is different than each of
said first and second allyl functional nononers, said third allyl

functi onavoopnaper being represented by the foll owi ng geper/akofwosiul a,
R15- [OC (O ORIl z 20 R15 is a divalent residue of a polyol selected
fromdiethylene glycol, 1,3-propane diol, glycerol and C4-C6 al kane di ol s,
and R16 is an allyl group, wherein said second allyl functional nononer
(b) is present in said polynerizable téfposition in an anount to provide a
25 substantially conpletely cured polynerizate of said conposition having
i mproved or FEACERPHY NFHIGFT cPaRBOANERS Tl PorareBriveighgt Pfesaid a

subst ant i al 1apnGBEPE £4:8! %aGH! 88coRPlAABE | 28 &t ¥nadhdn GRAIPAS i)keﬁerflé ee of
(b), and heat distortion tenperature of at |east 40C. 30 14. The

pol ymeri zabli® eanposenHasitépncimian dBounherifirosaild peéresmtablyweigimct i onal

nonomer i s Rreseny._J [ Shil ] t_of from25 percent by
wei ght to 9%0 60%?#(?6@2%%&%%% f3‘6§§ &? %Ee %ggrgge%?nqnmfrvﬁleéﬂlf‘? Cl?.)tgsed on
t he tot al5 nsadderowedgittionf smd dsaicomposdtaldryl Sandts@cdnchoabhmgt faincti onal
mononer is present .in.s. icciogorrspi sition in an armuFt of from10 Ifpiekgcent by
wei ght to B0 percent By wWergnt: . BREed™ o tHEWst 8F HomortePerErdhiP%r 5
sai d conposiweiight &nds s piedceht rg, aleliyht f uptddcdRal tABNEFRIL mSnoRELSENt i N
sai d composition in_an amunt of from1 percent by weight to 50 percent by
wei ght, basé’&lgﬁtt‘ﬁ% Stad“%alco%?l%‘ﬁe‘ron'\/\ei ght of said conposition. 10 15. The
pol yneri zabl e conposition of claim14 wherein R15 is a residue of

di ethyl ene glycol. 16. The pol ynmerizabl e conposition of claim13 wherein
said firrdt allyl functifonaFheditdEeriajbls qapeeseieedft claim 14

wherein R,; is a residue of diethylene glycol.

16. The polymerizable composition of claim 13
wherein said first allyl functional monomer (a) is represented
15 by the following general formula,
R-[-0-C(0)0-R,],
wherein R is a divalent residue of a diol selected from 1,2-
ethane diol and 1,2-propane diol, and R,, is an allyl group;
and said second allyl functional mdnomer (b) is polylaétone

20 diol bis{allyl carbonate) (b) (ii).

17. The polymerizable composition of claim 16
wherein the polylactone diol of the polylactone diol bis(allyl
carbonate) (b) (ii) is the reaction product of a diol and a

25 lactone; the diol of the polylactone diol is selected from
linear or branched aliphatic diols having from 2 to 20 carbon
atoms, poly(C,-C,)alkylene glycolé, cycloaliphatic diols having
from 5 to 8 carbon atoms in the cyclic ring, hydrogenated
bisphenols‘and mixtures thereof; and the.lactone of the

30 polylactone diol is selected from at least one lactone having

from 3 to 8 carbon atoms in the cyclic lactone ring.



15 by the follow ng general formula, RR.[ -OC (O ORl4] 2 wherein Ris a
di val ent residue of a diol selected from1, 2- ethane diol and 1, 2-propane
di ol , anovédd7i1s4 an allyl group; and said second allyl fpepoTws@m@bsinonomer
(b) is polylactone 20 diol bis(allyl carbonate) (b)(ii). 17. The

pol yneri zabl e conposition of claim16 wherein the polylactone diol of the
pol yl actone diol bis(allyl carbonate) (b)(ii) is the reaction product of a
diol and a 25 lactone; the diol of the pblylactone diol is selected from

| i near or branched aliphatic diols having from2 to 20 carbon atons,

pol y( C2- C4) al kyl ene gig olde ppdrearizraei éO‘HIPQﬁlstq?é‘vPﬁgClﬂ%rWS to 8

car bon at ongpd e tNeneyglde J4 r&@e ggﬁy nated; M %@%@@kﬁ rgdvgcu hes

t hereof; and the | actone of the actone diol 1s sel ect from at

| east one | aed diie Ravkege df GMeBPDbY&@aanbodlal@rﬁs epsithe-cyclic | actone
ring. WO 01,7 %\%09145 H£EILUS01/ 10081 - 47 18. The pol yneri zabl e conposition
of claim17 erein the diol of the pol ylactone diol is diethylene glycol,
and the bactone of the polylactone diol is epsilon- caprolactone. 5 19. The

I i zabl i f 13 d f al l yl. functional
rononer 15 a polyol (att sl AoaPBORETS AR AoraPPoSitd *BaPh FHTYar zabl e

conposi ti onwh&reipr eaaaeﬂuh:yc 31091 hoeh @OrPEL Shdr@mekO i6ah PSERSI (1gyl
separately a first ghl oroformate internediate of said first allyl

functi onal a"SRUHHG  2BAI B b AHATET F FRRYSSIMRPEL b O HiSd” second

al Iyl functp@é@redrrapogaﬁet@adcgmﬁpigglgchl oroformate internedi ate of said

third allyl functional nononmer; 15 (b) formng a mxture of said first,
second &Rd (a) preparlng separately a first chloroformate

intermediate of said first allyl functional monomer, a second
chloroformate intermediate of said second allyl functional
monomer, and a third chloroformate intermediate of said third
allyl functional monomer;

15 (b) forming a mixture of said first, second and
third chloroformate intermediates; and

(c) reacting the chloroformate groups of said

mixture of said first, second and third chloroformate
intermediates with allyl alcohol, thereby forming said

20 polymerizable composition.
20. The polymerizate of claim 1.

21. The polymerizate of claim 10.

25
22. The polymerizate of claim 13.
23. A photochromic article comprising:
(a) the polymerizate of claim 1; and
30 (b) a photochromic amount of organic photochromic

substance.

24. A photochromic article comprising:



third chloroformate internmedi ates; and (c) reacting the chlorofornmate
groups of said mxture of said first, second and third chl orof ormate
i ntermedivabes7mbs h al Iyl al cohol, thereby formng said 28Ccpokymensizabl e
conposition. 20. The polynerizate of claiml. 21. The polynerizate of
claim10. 25 22. The polynerizate of claim 13. 23. A photochromc article
conprising: (a) the polynerizate of claim1; and 30 (b) a photochromc
amount of organic photochromic substant®.” 24. A photochromc article
conprising: WO 01/77194 PCT/USQ01/ 10081 - 48 (a) the polynerizate of claim
10; and (b) a phot ochf®hieapeditenizasiegafi e1pHotldchPBfi ¢ substance. 5 25.
The photochrom ¢ arti¢be Dforchabmat MGLELE of NS @hIBNbSoRReLORREON C
substance is selected fromthe group consisting of
spi ro(i ndol fwestemsiet hoxazi nes, spiro(indoline)benzoxazi nes, benzopyrans,
napht hopyrans, chronenes, organo-netal dithizonates, ful gides and
fulgimdes 10 and m xtures of such organi c photochrom c substances.

5 25. The photochromic article of claim 24 wherein

the organic photochromic substance is selected from the group
consisting of spiro({indoline)naphthoxazines,
spiro(indoline)benzoxazines, benzopyrans, naphthopyrans,
chromenes, organo-metal dithizonates, fulgides and fulgimides

10 and mixtures of such organic photochromic substances.



