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SULEUR- CONTAI NI NG_COVPQNDS FOR OPTI CAL GRADE
POLYMERI C CASTI NG COVPCSI Tl ONS This invention is in the
area of polyneric conpositions for the 5 preparation of optical grade
materials, and the optical materials, such as | enses, prepared
thereby The conpasi tions include reactive or nonr ' Itives
i n conbi nat WOPoRPI8A polynmeric materials and optional %‘é‘hilnﬁg%o?gﬁ The
reactive additives can be incorporated irmto poI ymer chai ns during

pol ymeri zation to rmdlfythe properties of t ol yner. 10

Pol ymers are often used FHEYER Pmuﬁrﬁ?pf’%ﬁ?%‘?‘?g %ﬁé%g’%ri X
materials for advanced conposi PeEYMERIL SASTING| OHPOIBINSnent s, such as

| enses. These materials require high strength and acceptabl e Ievel s of

flexibility and toughness. Three inportant properties of optica grade
pol yneric material s ithtf JHgeRtien A&f Pa Pt Rt r’i’ﬂe‘;’?ly'f“ffécr‘e"l“‘ﬁ?’f’\fé°‘hﬁ BEr®fon
15 ands col pteparation of optical gralilaematefiadet iand thedeptiocdl mavertietls.akudts akhe

ratio of the,uglQci L)pareq thesRby! | 9Hd ctnhgoeugﬁna MRGHIM LR i HE o¥el ocity of
i ght through the nmaterial. The refractive iIndex is not a constant

over the spe@PPRRFFBIVS PEitivesuin °°“‘b1“att?1‘aﬂb'é%"%{’é’mﬁr‘fcuﬂi'i‘ﬁrb?'}sof‘“me*%ﬁbt h.
Thi s change idhlidnesr efthacieame v ndiditZ@s cani Be datdr@dratied pigitsi @ ymerT hikains

refractive i '&Q?ﬁn Lo%&*:&%‘:lw @9%99&’9@4 ngopertles gpttﬁé'@lﬁézs gener al | y

tailored to neet very specific requirenents. Fo exanpl e, when a
pol ynertds mated wit BoLASTASTenhtar ivgrd igut%ﬂmagmeuﬁ%gcatims SHFh @S HTaSF i
repair or inmhteripleFak atdvencedf c@pbyites/gndl ysreptichl pohyements, such gkass

' COITpOSi tes, Q:?se]';sef rﬁggé :_‘r%téﬂ%lg %qvgjret K‘i%ht Me egﬁdagécéyﬂ§£lemms2§‘

al.most exactlx between the two materials is to remain
essentially ?/’f‘é’i‘bﬁ”é’. a‘l‘%? GAughBessict Thrge | BeXCanhtRIPPeAtdenPd REEFRT 9F 779 he
producti on obolhieridingherjeteriedlydengesrefractive index, the Hedhtitvievdispesponsi on
(or its,gecigrecahoghat is typically known as the Abbe nunber) is a
measure of the refractive index's dependence on 30 t he wavel engt h of
light. Optical grad@pdefFratite Haer PAISRIFSERY 18 3RepTatie of they VRIFifA
dependence obfrigbhacthirvegh adexwmen tuchhel egtiry( bf aight ghrodbberhe materimlnber),

and t hus, ha\fﬁe %k%u@é qg’)hé/:? lglrﬁzleeé %logg:ant over the spectrum gatl' gﬂ gl'itade
polyrrerlc materi al s shoul d al so_exhi bit m ni nal cal or.

Sone sul fur EBHMOEF MG HECETmaPE YREDSPERY t Brigcthagee dpathe F?fér‘gt”e index ,
pol ymer2tsyst ¢ascalhed ddepdrabee dlscleazedtive irddexfad| bmical gpadec pblymeric

materials is generally tailored to meet very specific requirements. For
example, when a polymer is mated with another material, such as during
windshield repair or in the preparation of polymer/polymer or polymer
glass composites, the refractive indices of the two materials must match
25 almost exactly if the border between the two materials is to remain
essentially invisible. High refractive index materials are useful in the
production of thin high powered lenses.
Relative dispersion (or its reciprocal that is typically known
as the Abbe number) is a measure of the refractive index's dependence on
30 the wavelength of light. Optical grade polymeric materials should exhibit -
a minimal dependence of refractive index on wavelength (i.e. high Abbe
number), and thus, have a low relative dispersion.
Optical grade polymeric materials should also exhibit minimal
color.
35 Some sulfur containing materials reported to act as stabilizers
in polymer systems include those disclosed in the following patent

documents.
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British Patent No. 1 270 114 di scl oses plasticized thernoplastic

pol ymer conpositions that contain a thernoplastic polynmer, a polynerizable
pl asticizer, and a polythiol. The patent states that the nechani sm by

whi th the conpositions are cured is not certain, but may invol vg-tiecomir
reaction of the TBPW%I wi th the pol ynerizabl e plasticizer to produce
thioether links. The plasticizer is defined ag2 a conmpound capabl e of
free-radical initiated honopal ererlzatlon whi ch has two to five units of

unconj ugat ed unsat urat i oanFH‘é PRSP ABE 1ha® thd GFeiosre Presfdrizrd thepmoplastic
groups, and is prebhablgomposiester thic tbitagh e ohdrmopleisdic pelymer, B0polymerizable

mer capt opr opi oni € ;agdq e s, [aﬁ{arl axg;aaeior)&pplpgance AGleds Whih tﬂe%%xgm%y

conpound having two to six hydroxyl™ groups
. No. 4,226,991 di s¥PidetheSPRASLELARS FieatinefzAs BoY Gprtain, bupgpay invpiyp the
resins, produed Iayaduaaﬁtdfngueaaomai«unwnfh toe pulreR ABrEhilestrikizer to prodigee

Ris alkyl and R s Of'éhRQ{ A ﬁéﬂ?x vag%i%p 15NGe s5HI 9F 4 REmARUAR RLpdsie of Of

carbon atons in R an a ner capt opropi oni €
acid and a pol yol : fres-radical initiated ’t9m8}’°1|”§?’éﬁf‘t’f% whigh dag gvoff s Ef s urits of
stabilizers for pehyoijegsted unsaturakdsi.NSThe\\bd1gBhidl chdshewd @A Qicre repstithdCiss

of . an. al Kyl thi opr 6Pl CurClel ppbidbanty an asBePUekBliogibier dl kil HeoPr ol oni c

acid is the reaction duct” 6 fin of 1ormi err
where R is atkyl ﬁﬁ’('faR”‘ng’aﬁ’i‘iﬁIWP g’t’oﬁ'ﬂ‘e(%ﬁﬂﬁ°"r°91°m\ﬁkﬂé’t‘€|”(f‘f‘hae Pel¥RYSFoRhe
nunber of carbon abtmpend malRi@ndwdtoi sixf Ky@rbdylt graips. or hydrogen, with

a bet amer capt opropionic agigd QQEH&QL&ELC’ 2f226 091Ul A
|-|$CI-|[err]Cl-|[err]CO? where R" 1S Xdro e or 3 | ower 3 tmxmarr‘%tftablnzers for

Pat ent No. 3P1yPlefip graiosodzeduse Foasting gp °25fm °f> mlapm*’énéﬂz
Whl ch can prevent whapperzscalladlyaxeﬁkdagrmcbat alxyl Ofantl herein thepeluy P ol Arder

The stabilizgy cogpaslbidQedms &R $hd're Qf fﬁonpta%%é, with a DL AL AR0n 1 B
non-vol atile primry_ or secondary am no conpound, and a organic

di val ent sul fur c8fittbard.2 reeéxenplified sul fur cont ai n| ng conpounds
are al kyl esters of dithi U.9regtaanatcss Bad, 468t Qiselbuesystabibizedd for polyolefin

U.S. Patent No. 3;55?1%51%1@1; %QL%%Sré’g%EWL%%Lg o?*rgnl Qfﬁyg@tﬁto YO :.on:.c acid with
stabilizers for polyal ef i ns. S.. Patent 5 f 49

di scl oses al kyl e&t¥ehf The alky&ltﬂiﬂptrﬁ?it?&f‘?(é‘ﬁf)‘? ds ‘Eﬁed‘s'eaﬁ%ﬂ’ §§°d“°é T an
ant i oxi dant s20f or alefdnift YoufulaR '8C+CGH,s, where R is pdkyvidaml) ROrigaar @1yl grem ¢and

subst ances. wherein the sum of the number of carbon atoms in R and R' is from 4 to 26)
or hydrogen, with a betamercaptopropionic acid compound of formula
HSCH,CH,COR"*, where R" is hydrogen or a lower alkyl group.

U.S. Patent No. 3,181,971 discloses stabilizers for

25 polypropylene which can prevent copper catalyzed degradation of the
polypropylene. The stabilizer composition is a mixture of a phenolic
antioxidant, a non-volatile primary or secondary amino compound, and an
organic divalent sulfur compound. The exemplified sulfur containing
compounds are alkyl esters of dithio propionates and dithio butyrates.

30 U.S. Patent No. 3,629,194 discloses mercaptoester antioxidant

. stabilizers for polyoclefins.

U.S8. Patent No. 3,758,548 discloses alkyl esters of
alkylthiocalkanoic acids used as antioxidants for a variety of materials,
including organic polymeric substances.

35 European Application 0 453 149 A2 discloses a crosslinkable
polymericlcasting composition that includes a) a polyoxy alkylene glycol
diacrylate or dimethacrylate; b) a monomer having a recurring unit derived

from at least one radical-polymerizable bisphenol monomer capable of



35 Eur opean Application 0 453 149 A2 discloses a crosslinkable
pol yneric casting conposition that includes.a)l.a polyoxy alkylene glycol

di aerylate or dinethacrylate; b) a nononer having a recurring unit derived
fromat | east one radical-pol ynerizabl e bi sphenol nononer capabl e of
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3 ° for m n a honmopol ynmer having a refractive i ndex ﬁ.mw-gn
1.55; and c)wo a urethane rmonomer having 2 to 6 terminal groups
selected fromt he gr oup conpri si ng acrylic and net hacrylic groups:.

EPA 0 598 551 A2 discloses a crosslinka ol yneric_casti 5
conposi tion EEF™IRgt P NPOPUNTYS PRERE T & ?r’@“%g Ve "B h otk | 8%? -3t gRe <
aronmati ¢ ol efal nrevbagerenonky hayifbd% by sweegtibalobreuppoteletticd Conpbimdrsuch

as a polyol palyalkyd talg;,ﬂqgtg,{d ﬁggag;ylllgr@]o{,ysfrom 1 to 40% by wei ght of a

pol yneri zabl e cormnorrer suc as st%rene or | ene gl ycol
pol y(met h) acryl ate. L C3hpalidg W%Bﬁf@vér" 6‘5 “h e tHE FAGERF ed 10
conbi nat$ on O:fomﬂSBs}h:.direfEbﬁ(bbtmll nohexg coowyisdhg 36 ttovesidbg peightonofuiad

m ni mal col or, QLGIUTRBLY REGAYS S Lo 688 Uy Sed gmernfn%o%ﬁaﬁu YempBhnt BgerOf

t he ingredi ents at roomten'Eera ure. he techni cal
probl emt o bé@SsBIRPA¥CY PolyRdkythichfter Rpd ApFLppally Erom 2 tq 4Ok ki yefight of a
conposi ti on it earfler cdmenees, smsaasessyntgeaarcarﬂonmhmyléﬁe glyafl hi gh

refractive i f}@?g;memyxﬁg;{sa&gglt ig-\ét?s %maaoq,nhmdefﬂaaémkt GRk P ehe ¥ Wnirea

at the sane tine . be manufactured at an_accel erated speed
versus PRior cAPRLmAbHOSE thighsrefransd vt ¢ it LN AETHRAELVSr SHAREFTAPt §P0f
maki ng | ensemiainhlnesiee, idrps@iabhy bebmise immRedalcs Lirbmgosashcan@ hixdng dfi e

of delivery ttgec&%;,g)m;@s a2l roon camperatuze. It is therefore an object of the
invention to provide an Ive for use in polyneric conpgsitions

‘w'th acceptabl e opti C8ps the te"b‘i"(?ﬂérﬁ”PB]sem Fo BSafH E‘?Jlb?irt‘\ﬁhPﬁfeéhH&H%"ﬁlf’%e
‘refractive indeto pkotide a compostiiticdr swiltakid fioniflesbeerebyssdhd eC tonignation

col or afgj r ef Ea}ﬁtdhvfeghéﬁ%sirﬁgx, low refractive dlsperLIorJ §n@9\9£ﬂﬁﬁ. %Pman&)f
the invention to provide a yneric 25 material W th excel | ent opti cal

properties afd ScePtabiee f"f‘)’ﬁ‘l bt BP1S tarRke manufactyypd ffiedry accelerated speed
It is still eotdsepricly) st cofpobheionsnyehéredp irprovioyithe prvductivityadi tive

that has a hlmgﬂufgeiéx?s%k'ééﬁ ixél&i@ximp?&i%Bb&e'i‘PrﬁQﬁﬁfaQ%%&%o%@ #eneir timf0
and m ni mal cal or. I's yet another object of the present

i nvention to 6r‘?ﬁ?ﬁﬂ%n’at° customgrn| y react i ve polymeric conposition which
al |l ows tthe manuf act urte if therefore an object of the invention to provide an

additive for use in polymeric compositions with acceptable optical

properties, in particular which enhance the refractive index of the

material without adversely affecting its color and refractive dispersion.
It is another object of the invention to provide a polymeric -

25 material with excellent optical properties and acceptable flexibility and
toughness.

It is still another object of the invention to provide an
additive that has a high refractive index, an Abbe number between 25 and
60 and minimal color.

30 It is yet another object of the present invention to provide a
highly reactive polymeric composition which allows the manufacture of
optical materials within a reduced period of time while maintaining the
overall level of performance of the materials.

Polymeric compositions for the preparation of optical grade

35 materials, and the optical materials prepared thereby, are provided. The

compositions contain a class of reactive and non-reactive additives, in

combination with a polymer and optionally a diluent. The additives are



optical materials within a reduced period of tine while maintaining the

overall |evel of performance of the materials. . Pol yneric
conpositions for the preparation of optical grade 35 materials, and the
optical materials prepared thereby, are provided. The conposi tions

contain a class of reactive and non-reactive additives, in

conbi nati on mnth a Xper and optionally a diluent. The addi ti
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4 preferably the reaction product of atthiol containing conpound and

an unsaturated c oynd. , Jhe additjves op tially
have a refracti veplieﬁﬁ’é“%qlﬁ)e#\fe’éﬁcéb%hf’md““ of ?L.t}ib&aﬁandtfl?ﬁ‘g 3?1'8 ‘ﬂ?%# aBly
~between 1.50 and unsEturaged giompdupdly high. 5 Abbe nunber (between about

25 and 60) and m ni mal  COMQRr agdiPiRIsCEHIhY11yl Bifre a refr2¥ohd iNGS: PaNReRbARDE
nunber in the range from about

Qr sone plication L.
addi ti ves exhi bi t1 4§ #F Avife ?flﬁrﬁ’é?‘feﬁTb%He‘EM?f’ 3% /% 4o (gr a re latively nion
sufficient. By apjhbeprimker (betweeniahmubf25tsamna pOI podimphimaddealnsat Brefiecably, the

conpound, addi ti V& effsPRavar £PAES Lmtz 11A3$hé akdd 264 usodtnsiﬂotmt :i-o% e
hi gher than the reactants us LS it. The addltlve houl d _a

e
exhi bit mni mal cBPOFSHO®E, ‘gdl(be f'f‘l’é’gd’EA%?/esf"é’?ﬁ e BFTesn | 3§ S 40 are
greater than -0. SSuetm;lczbnt:s Bewptmaﬁezselecan@ of efhereadithiol gl wrsaburated

+1.5). Further, thg,add tsaaaéiﬁrseca;pﬂgrpgsﬁéaeamdt ald @rrefycqwed%&tx atac is
| east 60[err C and eferabl at | east 40[err

adddi tives ¢8n behll"ﬁ pot é:fléo“'ﬁaﬁ'f‘?f’tﬁdisﬁ | Brﬁ]?ﬁf%r‘l [y The additiye ﬂtﬁ'ilm 3lso
adversel y af f ect i a@ibite mbpitmial adolpr Opee.t.i @ codbr tinethgofIAreYsteBywherein a is

appropriate sele ﬂeQE‘erOfthérheOpplaxw 18Ndss RRaddid,i ¥ha pw&rm! ”fJ§sCthan
CQHDOSItIOﬂ |tse lt%an al s bit a refractive in

an Abbe nunber & r 58 er "‘?8 i hn (vt Lafo o1 0 <t gﬁfgﬁe aﬂ"ldyaraog’t‘wééﬁ 23”%0

"to 52, and mini naleaet)l@t"?e and preferably at léfgbt 49€i ti ves can be reactive or

non-reactivgs Non-reacti Vﬁlese addafddéd i€ el Rokp8Ced nnymbsiymakic phed-g
- SH groups have beeg rea upsat urated.co

a o
ot herwi se prot ect'€d)% g"‘i’ﬁ@ Sgﬁ‘fctﬁ‘r’gt& °Ptig @55 °8ﬁ%l(e:%n LLh pgl(ymer By
addi tional react |Wrgfrn§ap$.seT¢Fé§en céneupelymen anétthE5addit#"eaclth9qulbrm!m
nononers or ol i guBapesiduba rigséﬁecaplaywemmt QN rEBACtiv@Nindex of 1D44 ahd1 St RA

| mpart desired Chargb erux% ! C:'Lsn ttge trgsgeOQE # do%yﬁé Im%rdcfﬁlcaq?apgetfv%aegnao

~or optical grade pro et reactive a Y
present invéftiorke ate apd diininads color.

The additives can be reactive or non-reactive. Non-reactive
additives are those in which all of the -SH groups have been reacted with
an unsaturated compound (or otherwise protected), and the resulting
compound contains no additional reactive groups. These compounds do not

25 react with the monomers or oligomers during the polymerization reaction,
but instead impart desired characteristics to the optical peolymeric
composition or optical grade product.

The reactive additives of the present inventions are additives
in which either not all of the -SH groups have been reacted with the

30 unsaturated compound (or otherwise protected) or the -SH groups have bheen
reacted with an unsaturated compound which contains an additional
functional group which is capable of reacting with monomers, polymers or
oligomers, for example, an unsaturated monomer which also contains an -OH
group. The free ~SH group will react with, for example, unsaturated

35 monomers, oligomers or polymers under appropriate conditions, for example,
free radical or nucleophilic polymerization. If the reactive additives

has one free -SH group, it will act as a chain initiator or a chain



in which either not all of the -SH groups have been reacted with the 30

uns 1 se pratectedl..orthe -SH groups have been——
reacted with an unsaturated conmpound whi ch contains an additi onal

functional group which is capable of reacting with nononers, polyners or

ol igoners, for exanple, an unsaturated nononer which also contains an -COH

grolp. The free -SH group will react with, for exanple, ungai 1735
nononers, ol or polymers under appropriate conditions, for exanple,
free radical or nucleophilic polynerizati®on. If the reactive additives

has one free -SH group, it wll _act asachalrllnltlator or.a chain

WO 96/ 26184 terminator. However, if t: e reactive additives has more thm?%é§87 06617
5 t emPvrat o .wilb\key brcorpdratéxe ineache welaekdi backbenedias nore t han one
free -SH Or OURn die Whddaidknt! rﬁ.grmr;amd;; ryrgpam@ @ol-.amiy kackbone.

In one enbodi ment, the additive is eared%ly g rtially
esterifying RO SREEHLYLHeARAYORME Bha P c&%’i‘ﬁb&&% Ft" SeFRpxvlis acid,
preferakfy aprefaraplioal karcaperalorly kaxboariid 4cilds (rlsefmtpockd o herdinnaas a

t hi oal kyl car haxydyh flé%gklyh@m@;&hegné fa&t Iregctigg%oag & L1106 tehe xEQi—EQ;?oQt 0
functionalities w an unsat ur at ed n?oun

i nventi on i nCPERFEEPaIGEeS #1HhEn| YRRTEatEd oo Plast t he foI I ow ng
enbodi ments. Ot her embosliineattsomiihtludes s datidsynappimicnd @i, van 1é4se thd he

~general teaCf}.bi‘&J&ﬁé odimehts. S%eﬁmmﬁ%@éwﬁﬁeb&%ﬁaﬁ r &bakehl glden

within the scope of e invention. nonlmtl%g)exan‘?
of a adlfitivé&Pe t?&f‘ef?&n tearhiRe e ging nll such embglingpis AT SIPBACFFDACi Lt hat

prepared by within the scope of the invewjioneacting: 15 (i) a

pol yol selected fr OmAt Q&l%PHB C&Q{ﬁ;&l%t &PQ Rdaitive thatp‘ém RE el i Qixe
sorbitol, mannjtol ﬁ | ene ol ol yal kyl ene gl ycol ,

trimet hyl ol aPRl&ﬂ‘i?n‘Ellcﬁ séé’r?‘t Fﬁl‘?‘ﬁ? prE?R:"Ie8 Xane- 1, 2, 4-

| trinmethanol, tripentaerythriehstihexahydroxycycl ohexane.

' pent ahygy oxycycl opentiapg, péfyofﬂyéulgzye@yﬂc%ham AL SHnkeslinges benzene- 20
1, 2,4,5-tetranet hanol pentaerythritol g co or m xture thereof, with

(ii) a thi oaPPPREFY P ¢5P ok H*E“aci“?f‘m her? alkylene glycol) polvalkyle
reacting thegpraductriottistieimiiang, thxmnmmusal er¢iotiexane-1,2,8f om t he

group_consi st:fmteim’i n@xtiaw.ca% 208 | sddhan J%&;@eiwesc&n@m d,
acrylic acid, acr ate,

(met h) acryl a?'ént QPWF(‘WB%?QS%?%%{’%“%%%?&?U 19%%)%@ Pg‘g’ielnﬁhat i C
epoxy c¥mpouhdd. 4. ai-ﬂe;tlramétd;@lmﬂpem@letfmhr}t@-l[ @livep ] er rd mixeture Ghekfad r ytRNCO,
octyl decyl acryl ate, (ii) a thioaliphatic carboxylic acid; and then
B) reacting the product of step A with a monomer selected
‘from the group consisting of 3-methyl-3-butene-l-o0l, methacrylic acid,
acrylic acid, alkyl acrylate, alkyl methacrylate, 2-hydroxypropyl
25 {(meth)acrylate, 2-hydroxyethyl {meth)acrylate, unsaturated cycloaliphatic
epoxy compounds, allyl alcohol, CHy=CH,CgH,C{CH3)}49NCO, octyldecylacrylate,
2,4,6~-tribromophenyl (methy)acrylate, and the reaction product of 2-
propionic acid with 2-(2,4,6-tribromophenoxy)ethyl ester.
For example, the thioaliphatic carboxylic acid can be selected
30 from the group consisting of thioglycolic acid, thiclactic acid, o-
mercaptopropionic acid, f-mercaptopropionic acid, mercaptoacetic acid,
mercaptovaleric acid, mercaptobutyric acid, and mercaptohexancic acid. A
useful alkyl methacrylate is n-butyl acrylate.
This compound can be alternatively illustrated as a compound of
35 the following formula{
(as-rY-c(0)-0-],_-R-[-0-C (0) -R}-s-R2]
wherein:

R is the residue of a polyol;



2,4,6-tribronophenyl (methy)acrylate, and the reaction product of 2-
propionic acid with 2-(2,4,6-tribronmophenoxy)ethyl ester.

For -exanpl e, the thioaliphatic carboxylic acid can be selected 30 from
the group consisting of thioglycolic acid, thiolactic acid, [err]-

mer capt opropi onic acid, [err]-mercaptopropionic acid, nercaptoacetic acid,
nmer Capt oval eric acid, nercaptobutyric acid, and nercapt ohexanoi |
useful al kyl netWa®é364i8 e is n-butyl acrylate. gq‘ﬂ’?‘ls’w
conpound can be alternatively illustrated as @ conpound of 35 t he
following formula:

[HS-Rerr]-C(O-O][er]-R-[-OCtQ iR] her pumBeR[ofr pYdrpBily §roups in the polyol:

wher ei n: R! B iaf d118ndt@sinbieryaf ama pol yol ;
g o0 Zotes m + T 1L PRERHMCT BF RYAPBRI® BrOTRe A tHoton
pol yol ; the group consxsth{:ecrfr]i-meshleln3all>qtph%rt1rel-rrmfélayrvléndacid acrylic

R2 is the resi dueaafi, alxpNSatylladt CRIRPI AbdhaSe)106L £8-h¥d2Bkypropyl (méhﬁagmgéb
oot “sorg oo TR A e} sl DREELSe A5b g L1 Spod comsiihdl
2- hydr oxyet hyl ( nesiiybcigbhale, CHaSRaCalsft (€83 )o)fEd 0 af by Aeayilacydate: @ odSounds,

al Iyl al cohol, Q{ﬁﬁf&mgfgr@ﬁr]n@w)rakﬂlﬁ&“ Qﬁ%@riéhéﬁnriﬁ%t of 2-propionic
octyl decyl acr yI ate (et hy) acrylate, and the

h
reaction product “Jfldz"} 5Pop|(8h| c tn%mm"pge“dg‘y&frg(’ﬁl este
2-(2, 4, 6-trilBr onophenoxy)keshginderqndimitifg example of a addl!&%et—:hﬂ#dcmhhw@lmg

exanpl e of a addlmevsolfyhaélcca&hpbslﬁissqsl £I ‘noncross1iniea malnwﬂaal GreHIQSiy: i oNn-

53 o oo IKES COMaie, BLEs S Blier yip s nsomismaric ot 12105,

pfoduce product A produce giRgpuct Agacting product A with a
conmpound that contains on@)15 reacting product A with a Yoidhkd &h&d <bpdns apabl e

of reacting,with a thiol, in su hi at
appr oxi rmat el y 1 or 2 free thig sg:ruratbed bond capable of react:mg m‘?ﬁ% q:h.lof' 1n chh

product; and then a fashigiithat epprrdimieind pr dddeee Ganét @p?uBs
with a diacrylate or remain in the prod€HtiBidaacxKenl ate in such a

fashion that all of the r &ai nin .20 ps.are
react ed. ( Kgnlrle?n PR g e °6 5 R A Y ha ecg:.ac%( °F

di met hacryl ates are epeRyeTREHELRY éerﬁcat%,faﬂU-Pye@Férall of the remaining
di (meth)acrgbate urethane thiol groups are reacted.

Nonlimiting examples of diacrylates and dimethacrylates are
epoxy di(meth)acrylate, polyester di(meth)acrylate, urethane
di (meth)acrylate, alkyleneoxide bis-phenolic di(methjacrylate, and epoxy
bis-phenol di (meth)acrylate. Nonlimiting examples of compounds that
25 contains one unsaturated bond capable of reacting with a thiol are those
selected from the group consisting of 3-methyl-3-butene-1-o0l, methacrylic
acid, acrylic acid, alkyl acrylate, alkyl methacrylate, 2-hydroxypropyl
(meth)acrylate, 2-hydroxyethyl (meth)acrylate, unsaturated cycloaliphatic
epoxy compounds, allyl alechol, CHy=CH,CgH4C{CH3)NCO, octyldecylacrylate,
30 2,4,6-tribromophenyl (methy)acrylate, the reaction product of 2-propionic
acid with 2-(2,4, 6-tribromophenoxy)ethyl ester, styrene, alkylstyrene,
halostyrene, dihalostyrene, and divinylstyrene or a mixture thereof.
This compound can be alternatively illustrated as a compound of
the following formula:
35 [R3-S-R1-C(0)-0-]y_n-R-[-0-C (0)-R1-S-R2]
wherein:
R is the residue of a polyol:

Rl is an aliphatic moiety:



di (nmeth)acryl ate, al kyl eneoxi de bi s-phenolic di(neth)acrylate, and epoxy
bi s-phenol di(nmethyacrylate Nonlimting.examples..of conpounds that 25
cont ai ns one unsaturated bond capable of reacting with a thiol are those
selected fromthe group consisting of 3-nethyl-3-butene-1-0l, nethacrylic
acid, acrylic acid, alkyl acrylate, alkyl nmethacrylate, 2-hydroxypropyl
(et h) acrylate, 2- hydroxyet hyl (met h) acryl ate, unsaturated Lphati c
epoxy conpowmm‘&i‘l yl al cohol , PElaiadobi?
CHerr]=CHerr](err]Herr] C(CH[err])[errI] NCO, octyl decylacrylate, 30
2,4,6-tri bronophenyl :1( met hy) acryl ate, the reaction product of 2-propionic
acid with 2-(2.4,6-tR BPo‘?ﬁ?pﬁ%ﬂ’réxsl)Oétmme@é’Pértha'ét"s?f"é*ﬁéed SR NSATHTaRR

hal ost yr ene, nétidhehdshys @Bacreanitdi & icAydist yrene or a mxture thereof

Thi's compound can begalLenatiNGLY ol L WAL 8P AnGOTRANA. Yreer the

following formula: 3

[Rlerr]-S- R &acFigy @thoa] fzeer third [axogy( O) - Rlerr] - S-Rlerr]

wher ei ns m + n = [Bhé Suhbér be JydidyDfgraufoliy alhe polyol;

E[C'el'; E]EQLS?OSBI{;I' | phat | C— ITDI skybe at least one; and VO 96/ 26134

Rlerr] is the residue et PecorAFsSEn dhath&erTont ai ned one unsat ur at ed

bond that has reacteg ﬁ%f&raatdahmwe is the adduct of pendakeﬂh]nia thgalesi due

of a diacrylate or dinethacr Iate fter, " reethlol
gr oup; 5 merc aptoproplonatcs t'-;.]na ternbg'I;'M arhd a?}g)%;l Sch.)cl:Jh gasI t{n e°po| yol :
m - n ri8st bEougt styranes GHE,PTHnd n nust be greater than
zero. Anothér lamdaﬁ.&&doﬁ(idbt;iféeedcsmd”.\atmidmta pdiymer

gtec}[‘ Zﬁ;yt \PI]\AI:I: E%pﬁsalgtlfﬁ rcgéxtaoirni&% onge%rcggg 0 ol n?‘;l ec.) mé;ﬂ%‘b%nna;tthegng PTM') and

Ahot her enbo'ﬂ?rl?ei'ﬁdléﬁetshéesﬁFeE@ntlelieMenl"’!‘@r? Ffsesa ﬁj’GF-SIWéF can be addesthpesiti on
. contai ni Nng O&y BéLyMRE Q:oﬂﬁ&s}iﬁ%rﬁ tmbycem)baaﬁetmw\addado&beoﬂrmal grade NDr €
~addi tiyes dESC_lI‘I bed herein. \Wile t lm ese addi £ gq) )

any polynmer CoRposi tion, th ey are pre? ?aeb’i ical
pol ymer conpRfpesisisgns inpHreet A E’f-?f@YéS(&ﬁb\r“éé %P‘%Jt}é’ﬁ FFernage) gfreame pol yrer
conposi ti onSpdlpﬁéMQada fﬂ&nﬁbhﬂu@@ﬁﬁh&iﬁ@habbﬁé aﬂphyclnamr Iaaalea‘asa.ed @5,
pol ymers nadg. ft %( poo)i anesl;ca ?1%2%1%9 9{“1% hee 1q:apped W th

di me

€
acr yI at es, poﬁ I'ene I acr ate or acry é’poxy
acrylates or methacrylates and bisphenol-A polycarbonates :

E J%dg ra%e dool)fqoer

20 - A further embodiment of the present invention is an optical lens
which contains the additive of the present invention either in the form of

a non-reactive compound or as a reactive compound incorporated into the

polymer.
As a general expression of the invention, the casting
25 composition for optical grade polymeric materials comprises:
{a) about 60-75% by weight of a di (meth)acrylate, and
preferably a urethane di{meth)acrylate;
{b) about 5-20% by weight of a monothiol; and
{c) about 15-30% by weight of an aromatic compound with
30 conjugated unsaturation.

The monothiol that is included in this polymeric casting
composition can be prepared, for example, by reacting a polyol with a
thioaliphatic carboxylic acid; and then reacting the product with any
unsaturated monomer. Preferred monomers are those selected from the grou§
35 consisting of styrene, alkylstyrene, halostyrene, dihalostyrene,
divinylstyrene or a mixture thereof. The reaction is perferably carried

out in a manner such that all of the hydroxyl groups of the polyol are



acrylates or nethacryl ates, and bi sphenol - A pol ycarbonates. 20

A further enbodi nent of the present invention.is _an aptical |ens

whi ¢eh contains the additive of the present invention either in the form of
a non-reactive conpound or as a reactive conpound incorporated into the

pol ymer. As a general expression of the invention, the
casting 25 03| tion for optical grade polyneric materials bdidb-
(a) about 60- 75 ght of a di (neth) acryl ate, and PCT/BR
preferably a uret hane di (net h) acryl at e; (b) about
- 5-20% by wei ght of a nonothiol; and (c) about

15- 30% by wei ght Gf i tiebuith Eh%c‘}ﬁb‘fﬁiﬁb"Wf‘h agffl, and also in such a manner that
conj ugat ed unsat uthéifinal product contains a fEke -sEN@bhpol that is included in
this polymeric casting —me JQUAQS!dsl @G S PLEARLS bonldlic AR CeolY
reacting a polyol with a 1 oal i phatic carboxylic acid: and en
reacting the prod@¥¥™RArt H‘aé{ﬂ)fhe formul@isat ur at ed nononer. Preferred nonomers
are those selected fromthe group 35 consi sting of styrene,

al kyl styrene, hal ostyrene, dihalostyrene, di vi nyI styrene or a m xture
thereof. The reaction isgperferably carri n agranner sugh that

all of the hydroxyl groups of the | yol WO 96/ 24184
PCT/ BE96/ 00017 H.Ca C,H, est,By i Phed 2
with the thiocarboxyli aciQi,/ and al s&#in malther ¥hat © Ot he
final product contains a free -SH group. The ur et hane
di (neth)acrylate in this conposition can, for exanpl e, have the
f ormul a: [err]
5 ' Alternatively, the urethane di (meth)acrylate can have the
¥ : formula:
R 0 0 o)
o} o NH _NH 2 /u\ R ,lk A CH, |
H.C \A/ \[r \R/ \0/? \o NH’ \NH O’El \O/k( :
o} 0 R’
wherein: A is an aliphatic (typically alkyl) or aromatic ester

portion of the hydroxylated acrylate or methacrylate used to end-cap the
oligomer:
10 n is 0 to 6;
P is an aliphatic or aromatic polyether, including a
polyol;
R is the residue cf the isocyanate to which the isocyanate
moieties are attached, and
15 Rl is H or CHj.

Another non-limiting formulation for the manufacture of eyeglass
lenses is a material comprising one or more of the additives disclosed
herein with a polymerizable composition comprising:

{a) about 30 to 80 percent of one or more multifunctional

20 urethane or epoxy (meth)acrylate oligomers, including
diacrylate or dimethacrylate, having a molecular weight
between 200 and 10,000 (preferably, the oligomer has a
molecular weight between 200 and 5000 and most preferably
between 200 and 2000);: and



5 Al ternatively, the urethane di (neth)acrylate can have the

fornul a: [err] wherein. A is an aliphatic (typically
al kyl) or aromatic ester portion of the hydroxylated acryl ate or

met hacryl ate used to end-cap the ol i goner; 10 nis O
to 6; P is an aliphatic or aromatic polyether,

i ncluding a ol yol ; ' Ris the resi Sdioob

i socyanate WGW‘@R t he i socyanate noi eties are attalgﬁg%,n andhiS
Rlerr] is Hor CHerr]. ABot her non-limting formulation for
t he manuf acture of eyegl ass | enses is a material conprising one or

nore of the additive¥®di s¥IuEed to 70 pergeRsi AL \APERCTA PR TR UGS E ents,
conposition conprising: such as an unsaturfgdd aadmatiic 3ondrer3Ch peltdEmictdbnadne

or nmore nulti fuan[i onal 2Qc_ry1ate or methacrylate%oqlt:}a@r,'eoxora Wyether.
(meth)acrylate oligoners, includ - diacrylate or

In i
di met hacryl ate, havi TR &i‘?ﬂ}FéJc&Ité‘r“’%\ﬂé?’gﬁf some selected additives thgk(SaRehe 200
and 10, GO0 ( picah@edlihythet plygbtigosampodiadons for the preparation of opwéadcul ar

wei ght bet wegp 20 20 Lwpreferably bet ween
200 and 2000?‘;&‘%6%"%99‘1 sl I
PCT/ BE96/ 00017 9 (b) '

about 10 to 70 percent of one or nore re@tive diluents,
such as an unsaturated aromatic nononer,/ a nultifunctional
acrylate or nethacrylate nononmer, or a Wnyl ether.

B
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The chem cal structures of sone selected additives that can be 5 i ncl uded

in the polyneric conpositjons for_the preparation of optical gr ade
materials are shown bel ow [err]
WD 96/ 26184

PCT/ BE96/ 00017

WO 96/26184 PCT/BE96/00017
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10 [err] WO 96/ 26184
PCT/_BE96/.00017 11
[err]
: WO 96126184 PCT/BE96/00017
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Hereinafter will be found some definitions of the terms used in
the following description.

The term alkyl, as used herein, refers to a saturated straight,
branched, or cyclic hydrocarbon, or a combination thereof, typically of C;
to Cpp. and specifically includes methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, t-butyl, pentyl, cyclopentyl, isopentyl, neopentyl, hexyl,
isohexyl, cyclohexyl, 3-methylpentyl, 2,2-dimethylbutyl,
2,3-dimethylbutyl, heptyl, octyl, nonyl, and decyl.

The term lower alkyl, as used herein, refers to as saturated
straight, branched, or cyclic hydrocarbon, or a combination thereof,
typically of Cy to Cg, and specifically includes methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, t-butyl, pentyl, cyclopentyl, isopentyl,
neopentyl, hexyl., isohexyl, and cyclohexyl.

The term substituted alkyl, as used herein, is an alkyl group,

wherein the substituent is halo, cyano, C{0) (alkyl),



Herei nafter will be found sone definitions of the terns used in t he

foll ow ng description. . S The term al kyl, as used herein,
refers to a saturated straight, branched, or cyclic hydrocarbon, or a
conbi nati on thereof, typically of CJerr] 5 to CJerr], and specifically
I ncl udes nethyl, ethyl, propyl, isopropyl, butyl, | sobutyl, t-butyl,
pentyl, cyclopentyl  isgpentyl, neopentyl, hexyl, I sohex 17
cycl ohexyl , 3-ne ’r?f‘yl , 2, 2-dinmethyl butyl, 2, 3-di et ?g tyi

heptyl, octyl, nonyl, and decyl. 2 The term | ower al kyl, as

1
used herein, refers to as saturated 10 straight, ch

hydr ocarbon, or a €8abi A8t98n 13%atesfost '°‘°’?3?8P%‘a| I'§/(°(5? %F%’rr]’c‘(cydsqléﬂ']
and specifically ise¢ousdsyiverbsiy, atchydingprvgpedliphatic epoxopreisiel . aioby|

i sobutyl, t-butyl ,alngfgmy}m ¥ ChiAPRALN no. | sopentyl neopentyl, hexyl,
I sohexyl and cycl ohexyl . ter mgS‘?st ltuted al k |, as
used herein, is an al kyl JPEUEFF™1EY! °”V\,ﬁ§?“8|th°'t AR S8R SPFE Ranteiets ﬁa| ¥y

cyano, C(O) (abkyl )compound that exhibits aromaticity, and includes phenyl, naphthyl,

. biphenyl, or substituted phenyl, napthyl or biphenyl, wherein the
substituent is halc, alkyl, substituted alkyl, heterocalkyl, alkoxy,
alkylthic, haloalkyl, hydroxyalkyl, alkoxyalkyl, methylenedioxy, -SH,
epoxy, cyano, C(0){alkyl),

10 -COgH, -0SOyH, -SO3H, -PO3H, ~COqalkyl, amide, amino, alkylamino and
dialkylamino, and wherein the aryl group can have up to 5 substituents.

As used herein, the term *alkyl acrylate* refers to H,C=CHCO4R,
wherein R is a straight, branched, or cyclic alkyl group, preferably C; to
Cap. and specifically includes methyl, ethyl, propyl, isopropyl, butyl,

15 iscbutyl, t-butyl, pentyl, cyclopentyl, isopentyl, neopentyl, hexyl,
isohexyl, cyclohexyl, 3-methylpentyl, 2,2-dimethylbutyl, and 2,3-
dimethylbutyl, and other longer chain homologues, including octadecyl
acrylate.

As used herein, the terms diacrylate and dimethacrylate include

20 mixtures of acrylate and methacrylate.

As used herein, the term (meth)acrylate refers to either
acrylate, methacrylate, or a mixture of acrylate and methacrylate.

As used herein, the term *alkyl methacrylate" refers to
HyC=C(CH3)COyR, wherein R is a straight, branched, or cyclic alkyl group,

25 preferably C; to Cyp, and specifically includes methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, t-butyl, pentyl, cyclopentyl, isopentyl,
neopentyl, hexyl, isohexyl, cyclohexyl, 3-methylpentyl, 2,2-dimethylbutyl,
and 2,3-dimethylbutyl, and othex long chain homologues.

The term cycloaliphatic epoxy moiety refers to a cycloalkyl

30 group, typically of Cg to Cg, that is substituted with an epoxy group.
Preferably, the cycloalkyl group is a Cg cycloalkyl group. The cycloalkyl
group may be further substituted with additional groups, as described
above for substituted alkyl groups. Non-limiting examples of suitable
cycloaliphatic epoxy groups include cyclohexane-l,2-epoxide, 3,4-

35 epoxycyclohexylmethyl-3, 4-epoxy-cyclohexane carboxylate, vinyl cyclohexene
dioxide, 2-(3, 4-epoxycyclohexyl-5,5-spiro-3, 4-epoxy)cyclohexane-meta-
dioxane, bis(3,4-epoxycyclohexyl)adipate, and vinyl cyclohexene monoxide.

An unsaturated cyc loallphatlc epoxy moliety is a cycloaliphatic moiety as
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12 -COferc}b o O8err]H - S ecrbeaROerr] H ~ (O Calkyl— —
-C(0OOalkyl, -C(OS-al kyl, -. SC(O) -al kyl, epoxy, including

cycl oal i phati c epoxy, am de, am no, al kyl am no and di al kyl am no.
The termaryl or aromatic, as used herein, refers to any 5 conpound
that exhibits araomaticity, and includes phenyl, naphthyl, BESsopNENY!
or substi tum‘f}ﬁ@ﬁyl , hapthyl or biphenyl, wherein the PCT subsﬂqt uent
is halo, alkyl, substituted aIkyI heterﬁhlkyl alkoxy, al kyl t hi o,

hal oal kyl , hydrox aIk kox aIk , .reth oxXY,. epoxy,
cyano, C(O) (8P%SA ¥ e T oen:ide ‘f—"tal"iﬁ(%%“ﬁ’ Ic—lf° dﬁléﬁxr ﬁtheﬁé? rfH,
- CJ err] al kykttamired ahegetiondi regl ky oarihmougenan ahphathjlsa##@;rl am no, and

wherein the aryl gr Oﬂﬁe GRbm HRYS, WP JstEhe'iu{tS,t i §d1Q84sS fluoro, chloro, bromo, AS
used herein, the term "al kyl acryl ate" refers to Herr]C=CHCJ err ] R,
wherein R i s 289 $PFg; ght, branched, or cyclic alkyl group, preferably C[err]
to 5 C20, and speeltfemalrhykyilnndf@desonm y¥l geduwywithpawpykyl.i sopropyl,

butyl, 15 suts%qbwe)almtﬂwatuern xlsubgyfduepentyl iSOpentyl heopentyl ,

hexyl , | sohex cl ghex nty , dlne IbutyI and
2, 3- di met hyl %ﬁ? “‘z%’lﬁa’a%{h’é?fef%rfge%/ %ﬁ ‘H‘&ﬁt’) té’é k 8F udi ng
~oct adecyl heteroalitvy| altcelp that has an aryl suhsmumechnkrémd;m bemhml terns

di acryl ate agghdi FRldaasdnslal %héﬁ&h&'ﬂ%r%bsnﬂﬁké& WheseeRl, aGﬁé&‘e% fnand

met hacr I ate. used herein the term (nmeth)acryl ate
refers 1% ei FHRftituents ar&c??ldﬁf’e“edrﬁ"ﬁﬁcﬁ"ﬁ%ﬁ’& QIBF"% m xture of acrylate
and met hacryl ate. The term heteroalkyls amsesedibewsin, relierst ee ran" alky}|group

met hacr yl at etha{tetiﬁéﬁtdLQ one or mﬂeeﬂét]eg_go%i[ﬂcma)s%“ Eulm}er@f 91B.t'o|g§n
strai ght, branched, or cyclic al rou 25 prefera Ig/onCLerr

derr], and Bt Yikezre °F‘ﬂtﬁtﬁﬂé°§’ AgA™ °‘ét°r’N?e")p’r‘b[59T eax halll“s‘b"pr opyl ,
- butyl, isobutyimingtingt te cpdionydhaicy cEopohes/lof theepariydupds mcludeneopentyl

hexyl , iSSOheélQ-mesC&(@llQ'b&XXikylg fmtetwppswwla hzu?mdtcmpttteﬁl Ryto¥lgen, sulgur and
2, 3-di net hyl bu%ﬁr and other |long chain The

term cycl oal PP WeBn M7 AHPEL S 'rfé"‘flé?”s’ct] (5‘15’8’& woARiR thp alkvlepeyp can
typi cal | y of v&yewifhihothe seidry, tinatudisg S:ObECHE L0 G-CRht h wheredpox isgy-dup.

Preferably, Qg RY&dnOGhY v @iQUihel Foi@t#P afY G 08lakYIne@dsOUBe 1TRE gy Cl 0al kyl
group may be further substltuied wi th additional g'klou ps, a descrl bed

above for substit ut e@aFRTT PGHEIPESIERBHEC| 7 IROPPIHYI HESHYTOEE rn et fsirexyl
cycl oald%hat growmposng grduges bpt|igdectc ylishd xanelibhXiepovids., tBods, 35

epoxycycl ohemfmt hylentbi4; emxn(e,&ygl otwa@ﬁn garmxaﬂeatﬁ,cayimtcmgé ohexene
di oxi de, 2-(3,4 elgmé)x( % Iohex%ﬁ g g%/‘)lcycllohexageerre#c
di oxane, bi sf%’t‘y& P \]@CI%‘WS "fa%"lyﬁ a”&’r}a"?/l Vol RAERERE R BHSRE de.
An unsat ur at eelveptieat i g3neel.crelyaXkylent allycqls tripgwivéelrbrpbartei. c noiety as
pentaerythritol, sorbitol, mannitol, trimethylclethane, trimethylolbutane,
25 trimethylolpropane, trimethylolalkane, dipentaerythritol, cyclohexane-
1,2,4-trimethanol, tripentaerythritol, hexahydroxycyclohexane,
pentahydroxycyclopentane, trihydroxycycloheptane, glycerine, other
carbohydrates, trimethylolisopropylmethane, trimethylolheptadecane, and
benzene-1,2,4,5-tetramethanol.
30 The term aliphatic refers to a hydrocarbon, typically c¢f C;, to
Cyp. and typically, Cj, to Cjg that can contain one or a combination of
alkyl, alkenyl, or alkynyl moieties, and which can be straight, branched,
or cyclic, or a combination thereof.
The term thioéliphatic carboxylic acid refers to an aliphatic
35 carboxylic acid that contains an -SH group. The term includes, but is not
limited to HS-(C,H5,}-CO,H, wherein n is 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10,
and wherein the -SH moiety can alternatively be located on an internal

carbon, as opposed toc the terminal, carbon atom. Additionally, one or
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13 descri bed above that also contains a _double bond either in the
cycie or attached thereto directly or through an aliphatic spacer.
The term hal o, as used herein, includes fluoro, chloro, brono, and
iodo. 5 The termaral kyl refers to an aryl group with an

al kyl , substituted al kyl or "heteroal kyl substituent. PCT/BE96/60017

The term al karylwpgmg"to an al kyl, substituted al kyl or
het er oal kyl group that has an aryl substituerid#, including benzyl,

substituted benzyl, phenethyl or substitute henet h wherein the 10
substituents are PEFedFREd SEBPE T8 P ATTRS S‘F%d‘ﬁ ‘?arbxn atoms in the chaify o
t erm het er oal kyl , sp@sifisedxdrpi @3 nipclhudkeyhd oplycalicakdkid, griolgrtic acid, that

i ncl udes one or rEHr%aE&B?&ﬂ%LPéTEc:%'CE &%c@%ﬂ%o&%‘ fdxta, z@rc%éo&@&fi@ acid,
(with val ence conpleted b gen or oxg/'%ﬁé he carbon chain
terninating the c‘&errﬁb‘f‘f”(‘fﬁgﬁrﬁc 3 AN PESRPSPOHE ceaﬁbc}rpb'ffnﬂ?‘iaﬂ'é‘mﬁ%“°§°ﬁ§m
series of |oder alkyls irmberthiplecbnbyirdnhetoeraatomssddh tmoshegadditsvasf ave

or nitrogen, inclydhR: oAb uhi s btivhe bkt o EHRANCIsRP ol GhRUio

can vary within the noiety, inc
-0 ((CH err])[ er r{GFFERPT -CHPRIYF )3 "ﬁﬁéfé’?lr’(gfz“ﬁ geaction product ofp Bolyal, agd A,

~wWithin the noi et yyhisativhatis esxbortligeacidi wheteinigll or some of the hydroxifh@roups

term polyol referse the oGPV, LiRid0r € than one hydr oxyI 20 group,
and includes but is not limted to aliphatic glycols, tri

tetrols, pefPols, and hexd &°¢ FRRCL:BFH: pfﬂeyfﬂ'”épﬁscipf‘f“@é?‘? )Pyl HRACHGS
et hyl ene gl ycol, propyl endigl ycoeblyocdl lepkerre gl pitiadhatpobiyodpirdne gesod)

pol yet hyl ene glycol, polyal kylp%naugl Y€ Abxoil nsgg%m&?iypmmaeng sthylene glycol,
pentaerythritol, sorbltol manni tol, trinet trime qQl but ane,

t
25 tri net hyl ol propane, tr |‘1’F§WP6I9&P’T<°JHeXI"H}?f€n?9’é’F§7t ﬁff‘”[‘e(ff‘zldp"pa“

- cycl ohexane- 1,2, 4-tri rrebtrerpthritel.pesrbdbelyt inannlitdl, trimethylolethane,

: he_Xahydr oxyqycl Ohexane1 tr@ﬂtﬁ?iﬁ@ﬁ%cygxﬂaﬁpiﬁ'}?o ane, trimethylolalkane,
- trihydroxycycl ohept ane, gl ycerj ne, boh

es,
trimet hyl ol i sopropyl met hane, tq"F’?fb':f‘ﬁ?ftg'Fh‘@dt aﬂ’é&%ﬁ? d’ - Eimethancl,
benzene-1, 2, 4, 5-t et ranet hanol .tx3@entaerythritol, hexélﬂwérmelahFWat ic refers

to a hydrocarbon, typically Cfpenghgﬁfc]wcﬁélopentane CE:EIH’y}iro:@'Bﬂclto)i&hﬁﬂbl Y,
Cerr] to (Jerr] that can contgl n.Qne or, a cogolls“fl Lon of al kyl ,
“alkenyl, or alkynyl noieties, BREWATCRBEnHENFErGHt, branched, or
cyclic, or &%conbination ther éeimethvl°11509r09¥1methaneTHeri!\%=ﬁlmQ%Pmdhp#‘f&t i and

car boxyl ic acid refers to an aJehgg;@ticg 3s- tetrag,ag}ﬁgxw g,g;ham d that contains
an -SH group. The termi c ude but, i s. not K
HS-((err]JHerr])-Cq err]{}l \/\heg%llc’r‘faﬂb"xghf +d §f tﬁe é’:?m%la '# qgnn@) R 10,
and wherein the -SH noi ety carvhareiarmdsi yeky 30e44 Scafed dn Bin oFntler prg wherein
carbon, as opposed to the ternmealsy ssilebptantierAdiidiyoRAlbiate@n® &% internal

-25 carbon, as opposed to the terminal carbon atom.
Additionally, one or more hydroxyl groups can be attached
to carbon atoms in the chain. Examples of suitabls
compounds include, but are not limited to thioglycoclic
acid, thiolactic acid, «-mexrcaptopropionic acid, £-

30 mercaptopropionic acid, mercaptoacetic acid,
mercaptovaleric acid, mercaptobutyric acid, and
mercaptohexanoic acid.

Non-limiting examples of thiols which are suitable for use in
the present invention include, but are not limited to:

35 glycol dimercaptoacetate, glycol dimercaptopropionate,

pentaerythritol tetra- (3-mercaptopropionate), pentaerythritol tri-(3-

mercaptopropionate), pentaerythritol tetrathioglycolate, polyethylene
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14 more hydroxyl groups can be attached to carbon atons—inthe ——
chatr n. Speci fic exanpl es include thioglycolic acid, thiolactic acid,

a- mer capt opropi oni ¢ acid, [err]-mercaptopropionic acid,

mer capt oaceti c acid, mer capt oval eri ¢ acid, nercaptobutyric acid, and

mer capt ohexanoic acid. 5 The thiol containi riﬂ:lﬁ%@ﬂﬁd s used

to formt heW218es are or gani ¢ _conpounds whi ch incl ude ongpor

nore thiol (-SH) groups. The thi ol 15 contai ning conpound is preferably

t he reaction product of a and a t hi cal i phati c carboxylic

aci d, wherei F+5p1 dd?‘e"s"éﬁ’é“&f’t%/ WB?HY)’/PIPJPBTPSSHI (3 mer P PHEPPRBIFS! - ar e

esterified. @ trimethylolpropan¢ rtrmmoelmothtmant the thiol is prepared by

reacting: Two prefegigd tRioRe! ¢l pen%ggzk}tﬁiszt@ﬂ &lti:mat ic glycol,
triol, tetrol, ntol, or_ hexol (specifically

i ncl udl ng etmmpg?wa?te) (hereinafter F?'1?'1'141 *) and glycB Wﬁmtwc&?e%?e
al kyl ené gl yoekeitattaet~GNIOh pr opane,

pentaerythritol, SOI‘Q,J tanLtheF%b&ﬂJent t Ehg‘%ﬁmbyllsogfet BANGe foPmula

trimet hyl ol butane, trinethyl ol propane, trinethyl ol al kane,
di pentaerythritol, cyclohexane-1, 2, 4-t r RidSEhnol |
tripent aerytv}ﬂfeirém hexahydroxycycl ohexane,

pent ahydr oxycycl opent@ﬁg tlEéJL\édE%y%ioﬁﬁﬁéé@ﬁned alkyl, heteroalkyl, aryl,
gl ycerine, other carbo drates

U1 met B of | SFAFGy PREEALRE. N h9A GRAEI A dEcErTautadg®) y-c- (RS-2-R7-)y,
benzene- 1, 2,&hd5-telzr etz hamdt ) wikitdin x is 1, 2, 3 or 4, v (iki9, 1a 2 bkoxandaxylic

acid of thefo;,milazl—ggg rr]H[err]n) CJerr]H,
wherein nis 1, or 10, and wherein

the - SH noi ety can a‘f t'e‘fl na%‘l \)’é‘f"’yR b@‘”f 365! HEERR Ehe PoesPHRpRd e each
carbon, as opgessdebtiyt heldceedritnad allarlhosubat mted alkyl, heteroalkyl, aryl,

Addi ti leal | Va1 xQR8 QF Jpgifylhggélggyg gr oups can be attached
to carbon atons 1 n the chain. Exanpl es of suitable

conpounds i ncl ude, HFEhat ésn’tﬂdeP?”f‘?F?"el(! T FHD ST LBl Fizect Link,
acid, thiol acttor-,aedm)cleranfi-fpp@ptORY Opi onic acid, [err]-

mer capt opr opi oni ¢ a&; ds {TeKCapLpacetic acid,
mer capt oval eri c aci _ner ‘capt obut yr| c

ac
mer capt ohexanoi ¢ aci¥p Timiting examples of ﬁn Bl fh #ZPAR ek‘é‘ﬂﬂl’%‘s B¥ErPRT 0l s
whi ch ape suiubabitatédorugsubstituted metthigd, prbglenbraomVensemeeyhcbude, but are

not limted 1tsgbub’§§ t- bQLylcol;er%ﬁrEfé}@prQa&ﬂt als%pexg:lyycqleopentyl hexyl,
di mer capt opr.opi onaf e thritagl tetr a-{ nmer capt opr opi onat e) ,
pent aer yt hr i 58Pt ‘(y§1°he"y1 g ﬂ‘étrh(‘f%\%et“ﬁﬁ Yot ATy lb‘é’f?ﬁlf'aeryt hrit ol

t et r at hi ogl & 8t dimethydbhyelt, hipdpeme, octyl, nonyl, and decyl radicals, wherein the
substituent is fluorine, chlorine, bromine, iodine, -CN, C(0O) (alkyl), -
25 CO,H, -0SO,H, -SO3H, -PO3H, -0(0)C-alkyl, -C{0)0-alkyl, -C(O)S-alkyl,
-8C(0)-alkyl, epoxy, -NH,;, alkylamino and dialkylamino; and phenyl.

The thiol can also be a compound of the following formulae:
(R®),-C- (R8-2-R7-SH)
30 and
_ HS-R7-2- (R%-2) o-R7-5H .
wherein:
R6, R7, and Rs, are each independently lower alkylene groups,
preferably linear alkylene groups comprising from 1 to 6 carbon atoms;
35 each Z is independently selected from -OC(0O)-, -C(0)O- and -
C(0)~;
R? is selected from lower alkyl and poly(lower alkylene oxide}

groups:;
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gl yeol di mercaptoacetate, trimethyl ol propane tri-(3-nercaptopropionate),

and trimethyl ol propane trithioglycol ate. Two preferred
thiols are pentaer yt hritol tetra(3- mer capt opr opi onate) (hereinafter

"PTM') and gl yco | Eg{aﬁapt oacetate 5 (hereinafter "GDVA") per/BES6/00017
I n anot her errbodl he thiols are of the fornula

R-(SH)[err] wher ei n: 16R is selected from al kyl,

substituted al kyl, heteroal kyl_, al karyl, or aral kyl radicals,
or radicals of formula (R["e?'%/])[ ¥]°rC4(R[err] Z-Rlerr]-)[err] and
-Rlerr]-Z-(Rlerr]-Z)[err] ¥Ri®0¢ |1, 2vdrePein x is 1, 2, 3 or 4, yis 0, 1, 2

or 3 and ¢ is 0, land PisD, 1, 20,3 Rerr], R[err] R[err]
and R[err] may vary within t d are_e

endent |
sel ected from al kyl, subslpf?{]ﬁ’éﬁlyal ﬁyli,s ng‘é'regafWI& CafIAP I %“smtgnﬁlcif %ﬁl 0T
or aral kyl radi Ca|C§2CH2' -CHCHaCHy~, -CHCBaHRCH, - S-QHp Oy kiafE]-y sel ect ed

froma direct |inkcpycu,crycuzédehs, o) Alda-GER)@u,aNL, wn L
pis 1, 2, 3or 2riamiaTieTeT gli("%%lmtlng e@arrples B ke R RS

and R9 |ncI ude: hfarogen; 20 substituted or unsubstituted nethyl,
~ethyl, propyl, isopropyl, Ihuingl embodiment, jthebwisyturatedygenround)dntgdlected from the

gycl ?Eelntyli : sop«aas coﬂk@.@?ﬁﬂ{ ¥t 3-heryl-3- butene 1Jo§omaxxy4 p»echiaexydt 1t 5
-ne en , u , OC
Sl Y hne i) Ceaarenre piipbiyinerriate: S-Byier W Lo oPEgiste and Y

chl orine, Dbrom nestycaene In-@Nthe( Sfalikgrit)  the Qf&aturatwcemquhld isOeg)egreq IEirom
-Sqerr]H -PJer Blﬂnylg&g; Q.lngw.lspheQGQ)AO'eﬁé)&y!hac a6k S- al kyl

-SC(O) -al kyl, epoxy, -NH2, a al kyl am no; . and nyl .

The thiol can also be a cBﬁpéB’ﬁﬁ ’&mg‘“ﬁ’%r %\ﬁa%}jaf‘ﬁfﬁﬁ? 58‘“”8“3 s of formula
(Rlerr])[err] C(Rerr]- ZR[err] SH)y[err] 30 and
HS-Rlerr]-zZ-{fR er r] Z)[err]-Rerr]-SH HCR2=c (N)ek8idny

Rlerr], Rerr], g %err] are each independently |ower alkylene groups,
preferably Ilnear Fiyitene groups conprising froml1l to 6 carbon atons; 35
each Z is independently s&feist selebtesnfr@CHO)alkyl CE@)sOityned alkyl, heteroalkyl,

alkaryl, aralkyl, or aryl radicals:

R3 is selected from H and CH;.

20 R? is selected from a direct link, alkyl, substituted alkyl,
heteroalkyl, aryl, alkaryl, and aralkyl radicals:;

X is a direct link, -0-, -S-, -C(0)0-, -0(0)C-,

-8C(0)-, or -C(0)S-; and
o

25 Y is H, -NCO, -OH, -COzH, -X-CR3=CHR?, -cn—-\cnz.
-0- (0O)CH, ~SH or -NRl,.

Non-limiting examples of R2 include: hydrogen; substituted or
unsubstituted methyl, ethyl, propyl., isopropyl, butyl, isobutyl, t-butyl,
pentyl, cyclopentyl, isopentyl, neopentyl, hexyl, isohexyl, cyclohexyl,

30 3-methylpentyl, 2,2-dimethylbutyl, 2,3-dimethylbutyl, heptyl, octyl,
nonyl, and decyl radicals, wherein the substituent is halo, -CN,

C(0)} talkyl), -CO;H, -0SO,H, -SO3H, ~PO3H, -0(0)C-alkyl, -C(0)O-alkyl, -
C(0)s~-alkyl, -sC{O}-alkyl, epoxy, -NH;, alkylamino and dialkylamino; and
phenyl. .

35 Non-limiting examples of R4 include: a direct link, substituted
or unsubstituted methyl, ethyl, propyl, isopropyl. butyl, isobutyl,
t~butyl, pentyl, cyclopentyl, isopentyl. neopentyl, hexyl, isochexyl.,
cyclohexyl, 3-metﬁy1penty1, 2,2-dimethylbutyl, 2,3-dimethylbutyl, heptyl,



RO is selected from!lower al kyl and pol y(I ower al kyl ene oxi de)
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xis 1, 2, 3 or 4; _' y is 0, 1, 2 or 3

and q is 0, 1, 2 or 3. Preferably, Rerr] is selected
fromthe gro:&) |st| ng of -CH2-, - 5 CH[err]CI—|[err]m,BE95,0w"
-CH[err]CH[ ﬂ‘ég#grr] -CH[err]CI—I[err]CH[err]CI—I[err]

-CH[err]CI—I[err]CH[err]CI—I[err]Cl—I[err] 17

-CI-l[err]Cl—l[errlCl—l [err CI-l[err]Cl—l[err;Cl—l[er ; éCH err CH err Ouerrll- and
(CH[ er r ] CH[ &FFicHpemil J el diradisn wherein thy s Sk ois r ~CN,

I n one enbodickentaikyhie toO3H! LHOSOHU fﬁnjﬁouwdgli.s -s 8l ectldel f -OrM)Chelkyl, -

group consi stcuags-qikﬁ rreédm a3kt 888e1-Qln i ¥d hfia AGhHo1biing; 10
acryl ate, 2-phengxyethyl acrylate, 2-hy droxieth ré, rT]t:)‘%)acr yl ate and
styrene. | n ZR%HeP* ABOH; "—‘t"ﬁ& B P4 e BEYE mpBu R P8 &P AR om
di vi nyl bsanzeraedanydldmlspﬁmdep&xrpoxy di acryl at e. In

anot her enbodi nent, S Rf a TRk

HCR] er ] =C(Rlerr]) - X‘:'rgt?edrﬁrgiéélr%@é @an%g%‘};@é%lgqalk RBhHnd of 1=§mu1a _

sel ected fromH, alkyl, substituted SRR HEREYSal kyl | al kar yﬁIV’
aral kyl, or aryl radiwaentein is selected fromH and

CH err] 20 2 jg t Oﬁ‘kﬁd n

substituted al kyl_, RO s%cgg%;fF&?ﬁ e%rw%f a a%&%aalr#g %’rbas%éﬁéterladl cal s;
Xis aHrecPretk, -0, -5, C(O)O -0 C, -SC(O) - “COS
and 25 R isYsékecked £N@OH afgHeHy.CO err]H, - X-CR[ er r] CHR[ err],
[ er r] -0 ( O) CHA zsst'e ctec;\"?[:&'; L ] direct nk lower alkyll\%el'n*fn ti ng
exanpl es of R2 incl ude: rogen; su Bstitut ed unsubsti’t ut ed

net hyl , et hyFuPshi5p§Ae P‘F%ﬂar@;ﬂ9|°¥°btﬂ13’r?hatlsoﬁ?aﬂr| t-butyl,

X is a direct link or -C(0O)0-; and
15 Y is H, -OH, -CH=CH;, -0(0)C-C(R3)=CH, and -O- [O)CH.
Preferably, Rz, is selected from the group consisting of -CHjp-,
-CHCHp-, -CH,CH,CHy-, -CHyCHoCHpCHp-, =CHyCHpCHoCHpCHy-,
=CHoCHoCHoCH,CHoCHy -, phenyl and phenyl substituted with methyl, ethyl or
one or more halogens.

20 Preferably, R4, is selected from the group consisting of -CH,y-,
-CHyCHz-, -CHyCHaCHp-, -CHyCHoCHoCHy-, -CHpCHaCHaCHoCHy-, and -
CHyCHyCHyCHyCHLCHy -, phenyl, phenyl substituted with one or more methyl,
ethyl or halogen, and 1,2-epoxycyclohexane.

Non-limiting examples of suitable unsaturated compounds include:

25 cinnamaldehyde, acrylic acid, a-methyl styrene, alkyl acrylates and
methacrylates, diacrylates, p-methyl styrene, dibromostyrene, cinnamyl
formate, 2-hydroxy methacrylate, 4-vinyl cyclohexene-1l,2-epoxide, allyl
alcohol, and 1-(l-isocyanato-l-methylethyl)-3~(l-methylethenyl) benzene.

Non-limiting examples of alkyl acrylates and methacrylates and

30 diacrylates include: methyl acrylate, ethyl acrylate, propyl acrylate,
isopropyl acrylate, butyl acrylate, isobutyl acrylate, t-butyl acrylate,
pentyl acrylate, cyclopentyl acrylate, isopentyl acrylate, neopentyl
acrylate, hexyl acrylate, isohexyl acrylate, cyclohexyl acrylate, 3-
methylpentyl acrylate, 2,2-dimethylbutyl acrylate, 2,3-dimethylbutyl

35 acrylate, methyl methacrylate, ethyl methacrylate, propyl methacrylate,
isopropyl methacrylate, butyl methacrylate, isobutyl methacrylate, t-butyl
methacrylate, pentyl methacrylate, cyclopentyl methacrylate, isopentyl

methacrylate, neopentyl methacrylate, hexyl methacrylate, isohexyl



pentyl, cyclopentyl, isopentyl, neopentyl, hexyl, isohexyl, cyclohexyl, 30
3-methyl pentyl, 2,2-dinmethylbutyl 2 3-dinmethylbutyl, heptyl, octyl,

nonyl, and decyl radicals, wherein the substituent is halo, -CN

C(O (alkyl), -CJerr]H, -0sJerr]H -SJerr]H -PJerr]H -0(0O Calkyl,
-C(O O al kyl, - C(O S-al kyl, -SC(O) -al kyl, epoxy, -NHerr],

al kyl am no and di al kyl am no; and phenyl . 35

Non-limting exeﬂ'?ﬂ?@i“ﬁ‘f Rlerr] include: a direct link, substi tll’ff.re,n& v
or unsubstituted nethyl, ethyl, propyl, isop¥opyl, butyl, i sobutyl

t-butyl, pentyl, cyclopentyl |sopentyl neoeentyl hexyl | sohexy

cycl ohexyl , 3-nePPSHREERATE: cyciohgrpe PRIHASEHYIRES. 3 metiy IRankYY Bﬁf‘%ﬂcry*f‘éﬁt VAl 2-
WO 96/ 26184 dimethylbutyl methacrylate, 2-amino ethyl methacrylate, t-amyl

PCT/ BE96/ 000-17 methac late, 2- dlmethyl aminoethyl methacrylate, 2 eth}zhexyl acrvylate,
octyl, nonyl, and ill‘ radicals, wherein the substituent 1Is &I

C(O (al kyl), - Xy ERERI Y Rte, Shfsheppedicbiarpyiate.. aéjw%y}
-C(O O al kyls, - acrylate Ch £)abwd | degha cry 545 e0) mexhilH2 - (Inpromethy NiH2ryiak&y| am no
and di al kyl am nOB sulfoproppi]%@).(}lagg %hg\@él ﬁdﬁg?ﬂ&ﬁﬁ&gﬁ%ﬁ h2 BE&MLhyl%Lml

or one or nore hal ogens; at1 c epox
The unsat ur at ed Eb%ﬁ%tﬁaﬁeé?@élﬁe dé“iféﬂﬁ:f(?u n‘HaSTY]f’B? rﬂfl gthoxylated bisphenol
HCR[ err] =C ( R[ er ] )tripedelybére] glfcol diacrylate, diacrylate of (ebdf)idized bisphenol A,

wherein and dmydm,fslcﬁ{,f lackPa38! Rfah&d of rﬂ%@ WEraidk henyl
and substituted 10 phe IS se cte fromH
and CH err]® A"diti"‘ﬁ[ ER1 PeiRFeBRAS Y iEdHY 6?&%16? PECt RTRABR-cIORRI

al kyl, phenyl, double Inbsin thé edsgtveaydd capeuey eitabipbating ©E0X groups in

Xisadirectll caction da o she an
- CHZCH[ err] o @ix% QE olcg?%%1ni(%1gorngp]§u%dnd 'I_'hls(xb) CtI:_li grﬂ §e|4’c ng_ii hed by Y

Pieferably, R2, F’é"“’é‘e‘l" 2d lf‘FB’ﬁ’r‘f‘%é’Yg‘f*t?uf)°1(:18‘ﬁ’s‘1‘-’s??“r‘?§a]0f"°‘€ﬂ[’§"r r]-
-CH err] CH er r] - CH[ er 11 )CH| &tter hiddtatdtled, combdinar is foifedr w:]tﬁl—l[axeﬁﬁiﬂd[;ﬁ r]-
- CH[ err ] CH[I%r r ] CH[ err ] CHR?,I‘ r ] gd[ gﬂle’ is mixed wzmg%%%zgﬁ@oundpmqy;tor

and phenyl substituted with nethyl, ethyl or one or nore hal ogens.
20 Preferably, "“P&_tlé??] and 5 sel ected fromthe group consisting
of -CHerr]-, - CHi®r r ] i eixthre isGkfposed Ebiaer agrEhpciats -energy source

- CH2CH2CH2CH2-, - CH[ err ] CH[ er Hog{ﬂnﬁimgtr L%%Jr]aaxatm to initiate
CI-|2CI-|2C:I-|2CI-|2CI-|2CI-|2- phenyl , substituted with one or nore met hyl,

et hyl or hal ogen, and 1, 2- ep "6ﬁ%’>?&ne Non-1imting
exanpl es of2osui t abl e unsay upatc&:dlmmelmdsom pC|thelomsaturated compound and the

thiol (including the appropriate selection of a polyol and a
mercaptoaliphatic carboxylic acid), an additive can be provided that
exhibits:
(1) an Abbe number of between 25 and 60, preferably between 30
25 and 52, and more preferably between 30 and 48; and
{ii} a refractive index of between about 1.4 and 1.7, and more
preferably between 1.5 and 1.7.
By appropriate selection of the components, the color of the
additive can also be minimized. The color of the material can be
30 evaluated according to any known procedure, for example, that described in
detail below.
A sample is placed in a cuvet and the color and lightness are
measured instrumentally (for example, 10 mm pathlength quartz cuvet with a
Chroma Meter CT-310 available from Minclta). A quartz cell identical to
35 the one the sample will be placed in should be used as the control. Fill
the guartz cell with deionized water and calibrate the instrument. Ensure
that there is no foreign particulate matter in the sample. If particulate

mattery is present, filter the material using an appropriate method. Allow



25 ci nnamal dehyde, acrylic acid, a-nethyl styrene, alkyl acrylates and
methacrylates, diacrylates _p-nethyl styrene . dilbronostyrene, cinnanyl -
formate, 2-hydroxy nethacrylate, 4-vinyl cyclohexene-1, 2-epoxide, allyl

al cohol, and 1- (1-isocyanato-1-nethylethyl)-3-(1- nethylethenyl) benzene.
Non-limting exanples of al kyl acrylates and nethacryl ates and 30

di atryl at es_i ncl met hyl acrylate, ethyl acrylate, propdrmeesotbit €.

i sopr opyl FVP@# butyl acrylate, isobutyl acrylate, t-butyl acrylate,
pent yl acrylate cyclopentyl acrylate i%bpentyl acrylate neopent vyl

acryl ate, hex acryl ate, isohex acr ate C ex | at.e, 3-
met%yl pent yl & C?Wé%/“é“"?r?te&l Hbtﬁf/l dyring) paf é‘ﬂ ﬁélbﬁ?yl 35

acryl at e, neesdvpbe neHbEC PY| atvecuust éen Mt hacsyd a:toealq)mpylh reabVedc P ladtr e,
i sopropyl meffaeLy! a&&,albwmér%magr yAzat,@e hbéplautadomr&w@&m@t epralcabut yl

met hacryl ate, pent nmet hacryl ate opent nmet hac ate, isopentyl
met hacr y| at ethen& ﬁt SR inir ﬁg?:rﬁ?FS’f"E'e“%é%Im%%‘FﬁaE’TeyF%ggé RGPS g

WO 96/ 26184 walues of a and b. An acceptable color is an "a* value greR€dyY BEOG/-00017

18 meLAgT . atﬁuecmtotse&xés Qﬁmacwlaaa q,ref%azﬁmthw;n 1.5.
nmet hacryl ate, 2, 2- di but nmet hacryl at e, am no )X
net hacryl ate, t-anyl ™ ra':mn%‘? I*l‘aﬁarty'r'i’%"teé m°2"°BF’Fr§f’ h‘iﬂl°hrﬁ°ﬁbae‘t“ﬁ99 pound

. met hacr yl at ecan? raddey Eirex bouaCo \il: &t froles doubl?- kdndy | vd ey |SHIRtchaloug| Zit0e .0

| 1, 6- hexanedi Hiolgé %mdéas:gnd m‘fiésoémpr Oﬂ)élferaily, tﬁ@rﬁélt% Qs iégman e from
rret hacryl at e, -2- (bromonet hyl ) acr -su ?

acryl at!8, 3- %‘iﬂ“\t o‘brzap’yl‘mﬁﬁsna‘é'ﬁ}ﬁaﬁ"éd "E’XSS cﬁH?mtt"h?‘P%‘ﬁt’yIO 0 o aounte
net hacr yl at ebondendlee dsH|. (hnacm;elfe;he;l tHtacerisl bétweed 0eb hoxydi at edt .baspherol

A tripropyl gne.glngols. %%%yg.%tl@s ryér%tgolgg &Qoxi di zed bi sphenol A,
and di hydroxyet hyl acryl ate adduct of hexaneth é ene dil sgt?%anate

Additives can be pr T REEIRECT HRiheATt tRATFIBEE APe FPBTHOR HBBHE the thh?}ubl e
bond i n the amissbaicatiech-conpouidbld bbndhe the Wisetidakted cgmerwpd iisnsuitable t he

thiol ggntai er”Qs&QQDinRdtheTQad%ti@éCt' @. SRANMORPGHANT 8L do BN via
known mnet hod,_ including by the foll ow general procedure:

(1) The uns%i‘teﬁFﬁ‘tpéal’rfon’b‘tﬁ}ﬁﬁp*}%“fnaﬁgo&\ﬁft‘l‘i‘dh‘ff‘ll RIPCPRYBF: 15
(2) the thiol is nmmedeshtihi¢ Redirismtofr sdredpt@OAPBUALRELNS tisadwite

m xt ur €, andeffective when catalyzeCiS%y stngﬁ mqun't!g %fl 2 ﬂp%@gegpgiﬁ'} @Q@B&KH' ate
ener gy source hotoradlatlon)

toinitiate The nuclecophilic catalyst aCth?tfﬁE?qug%q%bﬁ b026 ttoward gttac by By
appr oprpat e meleathides.of Thehesel RS adary bt dr corpowh dsubntrathe with elettyion| -

(i ncl udi ng tﬁ%h@%ﬂ&%ﬁ&ﬁaﬁﬂ .%did%nlgdsatoogll)fi(ehaéﬂdyﬁ addition to form
thioether linkages. Acrylate monomers are mast reactive towards base-
catalyzed additipn. One example of a suitable nucleophilic catalyst is
tris[dimethylamino {methyl) Jphenol (Ancamine® K-54, sold by Air Products

25 Corporation). Other nonlimiting examples of catalysts include
4-dimethylaminopyridine (DMAP), 1,4-diazabicyclo[2.2.2]octane
(triethylenediamine), 1,5-diazabicyclo{4.3.0)non-5-ene(DBN}, and
1,8-diazabicyclo[5.4.0)undec~7-ene{DBU). Amine-containing monomers such
as Ebecryl® Product P104, éllS. and EB 7100 sold by UCB Chemicals, Inc.,

30 may also be used for the twofold purpose of catalyzing mercaptan-olefin
addition and covalently incorporating itself into the cured polymer
structure.

In another embodiment, the reaction is initiated using a free
radical initiator. The initiator can be activated, for example by

35 exposure to photoradiation (photoinitiation), such as UV or wvisible light,
or by exposure to heat (thermal initiation). Certain compounds (such as
the reaction of an allyl with the thiol) may not require the use of an

initiator., but may spontaneocusly react upon mixing of the two components.



mer capt oal i phatic carboxylic acid), an additive can be provided that

exhi bits: . (1) an_Abbe nunber of between 25 and 60,
preferably between 30 25 and 52, and nore preferably
- between 30 and 48; and (ii) arefractive index of between
~about 1.4 and 1.7, and nore preferably between 1.5
and” 1.7. By appropriate selection of the conpon
col or of the WO %H41%i ve can al so be mininized. The col or of q’?:hwﬂ
material can be 30 eval uated according to amy known procedure, for
exanpl e, that described in detail bel ow A sanple is

placed in a cuvet %%her SREFEH| ¥ TAHATLIY Abdedddugrefree radigglageargtion can be
instrumental |y (fciseexaogh as, lﬁnmmaﬁmmﬁ@hhtque&ﬁoa whaamet wWith a

Chroma Meter CT- wag\?/ag,%a.m aJsr,osQ M, a)é LR ghzrg&;e' Jrome (A '{h%Le g%rfo%s

the one the sanple aced be used as the contf
the quartz cell w™H ]?RaP'Bﬁ'ﬁ“fé’cF‘Waf@F‘ %ﬁﬂs‘bélt?’b’rpaf‘& ‘the instrunent. Ensure
that there issno foreign pahilisitigeexanbler of Buitudbleanfitintotd iparddecul at e

matter is present,gfijt @ﬁylthgﬁymséo&%muﬁmgténdenpﬁpo%h%e*io%,ggﬁé | ow

WD 96/ 26184 00017

19 any ai rdirsroPpbitape®ydiceRenatfpl e during transfer into the cell
‘to escape. dﬂead-paénoa:yuafw VM rBe@uRdi Bapb okt el | SBHydxdxait 1 1-dineby Ibetyay al

of air bubhl es ditiqQn the Sg

tenperature. Pl acé er°me°&1e’t°ﬁn°a% hp%‘e“’??’el erm&? Ogg%ﬁg{ﬁurr%% ate rrlrﬁs\asure t he

col or. Recor 80t he dimethyliyfiviicrergRyneoheriapoate \rx- ae@'épe%fsmﬁeb?wn?%tearr-wl
val ue greater thamerbxyheodecancataltt-Butyl’ patibhpttectibiiinoats, | ®asyt han 2.0, and

preferably, Iess tpg?ﬂtgg% ghe tanoate, t-amyl peroxy&%a{a%t ok ?L%%ng%i)u g at:f. >

nonomer to thiol con ning co our'fd an range fr
(ol es doubl e bond¥eriveld. ISHjmetgy syt PE‘@‘YIz'(?thylhe"ameﬁhl es doubl e
bond: nol es SH). Prefeadiambthyi-t e ai af2i-etliyShéxanbylper g chebcadn #lamyl pbdokit-2-

0.25:1 (ol €s dou@tﬂyﬁm@?g&ogglee% mylt&rg lét eghyghémgoagat.:@oltei Q?.Ubl €

bond: nol es S One preferred ratio’is ween and nore
preferably, 0.75: PEWW?%Yﬁ%ﬁbe%‘bﬂbﬂdFﬂ{ﬂ"és‘%ﬁw carboxy) propencate, 2y
initiator which canumétiyliaisedi (venzayapéroan) hesameent-hingl phiddyacetate, tazndvlt he

car bon- car bon dOUng?oMQdea@et er\;%gag%ﬁa%qt&gmwgﬂl Serd £QQL§tel5d1 e-5h1

use to formthe additives ner capt.ans can tooelns Vi a
el ectrophilic, nuciBRESPYPRI2LHE- f‘?’éé°’|‘°z§‘6’f“é’&l PSRN Sifjgdecanoyl peroxide,
Nucl eophi | i c2@ddi tdidecapbyXTpeeayitian sutcindt efcii @ peroxigeli tdebenzoyl peedidel iopet-amyl

when catal yzed by sqpld, 2 38TBUPER afidend1 VR LY pd2 Y8 i52P Rohbfer 68/ e, 00-t-amy1-o-
{(2-ethylhexyl) monoperoxycarbonate, 00-t-butyl-O-isopropyl
monoperoxycarbonate, O00-t-butyl-O-(2-ethylhexyl) monoperoxycarbonate, 1,1-
Bi-(t-amylperoxy) cyclohexane, 1,1-di-(t-butylperoxy)-3,3,5-

25 trimethylcyclohexane, 1,1-di-(t-butylperoxy) cyclohexane, 2,2-di-(t-
butylperoxy) butane, 2,2-di-(t-amylperoxy) propane, n-~butyl-4,4-di-(t-
butylperoxy) valerate, ethyl-3,3-di-(t-amyl-peroxy) butyrate, ethyl-3,3-
di- (t-butylperoxy) butyrate, di-o~-cumyl peroxide, o, o’'-di-(t-butylperoxy)
diisopropylbenzene, 2,5-dimethyl-2,5-di-(t-butylperoxy) hexane, di-t-amyl

30 peroxide, t-butyl-o-cumyl peroxide, di-t-butyl peroxide, 2,5-dimethyl-2,5-
di- (t-butylperoxy)-3-hexyne, 2,5-dihydroperoxy-2,5-dimethylhexane, cumene
hydroperoxide, t-butyl hydroperoxide, t-amyl hydroperoxide, benzil
dimethyl ketal, 1-hydroxy-cyclohexyl-phenyl ketone, dimethoxy-hydroxy
acetophenone, 2-methyl-1-[4-{methylthio)phenyl]-2-morpholino-propanone, 2-

35 benzyl (2-methyl-2-morpholino-propanonyl)-9-butyl-carbazole, 2,4,6~
trimethylbenzoyl-diphenyl-phosphine oxide, benzophenone, blend of 2-
isopropyl- and 4—isopropy1thioxanthone, 2-hydroxy-2-methyl-1-phenyl-1-

propanone, and blend of 2-chloro and 4-~chlorothioxanthone.



The nucl eophilic catalyst activates the double bond toward attack by 20
nucleophiles The.useofacrylic or styrenyl substrates with electron——+——
wi t hdrawi ng functional groups leads to a Mchael -type addition to form

thi oether |inkages. Acrylate nonomers are nost reactive towards base-

catal yzed addition. One exanple of a suitable nucleophilic catalyst is
tris[dimethyl ani nocg‘met hyl )] phenol (Ancam ne[err] K-54, sol Gc)ypedémoofy¥ oduct s
25 Cor po £Y Q her nonlimting exanpl es of catal ysts I nclude

4- di net hyl am nopyri di ne (DVAP), 1, 4-diazabicycl o[ 2.2.2]octane
(triethylenediamne), 1,5-di azablc clo[4.3.0] non-5-ene(DBN), an

1, 8- di azabi cycl of 5. 4 TBE (FFaEtoP. %fné%:béfﬂ}d "A’fﬁ fe (’:‘B?Rtéf?‘ﬁ'ier‘?gc‘?ﬂ?ﬁb’?f’ers§°"slﬂch

as Ebecryl [ epe]alRoadict R2b0ded RIWT, tiendikiBivd @easmak di<yhdICBrisent cal s,

Inc., 30 qﬁxat%lr§&é3go%%ﬁgd)f QL Job&mte\éof @i RYTPOBKe PhadtdbR!4ZENB1etea
_ rrercaptan olefin dition and coval entl Incorporating itself_into

the cured polfripPericd of fFppappfEinately 0. rs to 24 hourfyt Bexe éﬂ)‘(’iﬁ’rﬁ’e
the reacdi on firémionkticab eburisiang mostraeically fxoadi dabrsi ke t5 ddwss. ThEhe

initiator cap, %@mhzai@@e (130w BBl 35 any SHRASHER LRPBOLQLAMIALT O

(photoinitiation such or visible lig by exposure to _
heat (ther malfeFiFefi ZasMbTH: a’EﬂartY%ﬁcﬁ Bbﬁﬁo‘i?ﬂ‘ﬁ%’a(t’é{ﬁfhf’éﬁé" about 4°t f8 3°88%ti on of

an allyl with2ede thiol) nay not require the use of an initiator, but

may spontaneously reggh; 4RON Ui a8%nP hnddiBed VO HRIMPAGLMES, and ant
WO 96/ 26184 BT BE96/ 00017

20 10 oekifanEs AEedl so PY A8Test FOFIE RO YTSTdERE OF rEEtYESdFR &P e ERat i on
can be desiged, propeitias,ofi o Zimg pemtiuati OPhese| @xiit Duesbeam for

X-ray, ganme[aysl, OJe sadel €1 el rLQS‘Ji'Eﬁ' 98:(:%1 cHOWRY 6L 1oftB{%S§ndT§L$&@§

may be |rrpract|cal froma cost standpol l1Tmting
exanmpl es of YEPTEBIEENTIAPRLST 8F isHitarde: am“°"1‘3"““’t'1| incjngds Wf‘ﬁ?ﬁ’r )
per oxydi car bohadphiteli and pi0dishyD eheapidpieaspbiveat e, di - sec- but yl

per oxydi'scar bonat e, The addfulvég d@b@ﬂ%&%tbmlé Lr@%?&%@é Cﬁl:rb&glag.ﬁmolymerlc
3- hydr oxy-1, 1-di net hyl but per oxyneodecanoat e,

err
per oxyneodec&ﬁ'ﬂ?&?én"gsh?’dr 8‘9&}"11 f“r‘i‘t?es' £9F rRPPRASh LAYy PO Béﬁé%ﬁép‘f%‘ﬁoat e,
[err]-cunyl peeddrysndehegt.anocate, t-anyl per oxyneodecanoate, t-butyl

per Oxyne()decanoat €, tI'l"zéf'lr&lnpcnmds caml:l%r 9&@29%9&&09%@11;1%3%9 non-rxeactive
per oxypi val at t-buty eroxwl val ate, 3- roxy-1 di et hyl but yl

per oxy- 2- et h??‘?f‘é)%&?ﬁjat ‘§°n reactive adgitivas ape|added; tﬂlé/h(*zp%]t"ﬁfl‘f‘ﬁe%ﬁ%%lﬁe?'bxy)
hexane, 20t - anmyhe pameway 2as tonvent BinhY|daaxaiiveatand do bott ykact with the

per oxy- 2- et h¥£iﬁ?é§%%§8n m&itgﬂ'gyl When selecting a non-reactive additive for use in
an optical composition, such as an eyeglass lens, the non-reactive
additive should have a refractive index which is the same or substantially
the same as that of the final polymeric composition. If the refractive
25 indices of the final polymer and the additive are substantially different,
the final product will have a hazy appearance, which is an undesirable for
optical grade polymers.
If reactive additives are incorporated into the polymer, the
additive need not have a refractive index which matches the final polymer.
30 By appropriate selection of the reactive additive and the monomer or
oligomer, a polymer can be prepared that has a desired refractive index
and relative dispersion and color. For example, if the refractive index
of the monomer or oligomer and the additive are known, the ultimate
refractive index of the polymer can be predicted with reasonable accuracy
35 from the proportions éf these components.
Thiol terminated reactive additives can react with monomer or

oligomer mixtures which are cured via a free radical reaction. Hydroxyl



per oxyi sobutyrate, t-butyl peroxy-(cis-3-carboxy) propenoate, 2,5-

di met hyl - 2, 5-di (benzoyl peroxy) hexane, t-amyl peroxyacetate, t-anyl

per-oxybenzoate, t-butyl peroxyacetate, t-butyl peroxybenzoate, di-t-butyl

di per oxypht hal ate, diisononanoyl peroxide, didodecanoyl peroxide, 20

di decanoyl peroxide, succinic acid peroxide, dibenzoyl peroxide, OOt-anyl

0-(1, 2, 2, 6, 6- pent anet hyl - 4- pi peri di nyl ) nonoper oxycar bonat e, OCH:‘I" p

(2-et hyI hexyl) nYREEERIBA ycar bonate, 00-t-butyl-O i sopropyl rBEloodts

m)noper oxycar bonate, OO-t-butyl-0O (2-ethyl hexl ) nonoperoxycarbonate, 1,1-
-(t-anyl peroxy) cycl ohexane, 1,1-di-(t-butylperoxy)-3,3,5- 25

t r| met hyl cycl ohexbgr@inates. %ﬂdlt%‘leﬁu?iﬂ ﬁ%x%‘hc%tbﬁma??éti% Pigfurgg or epoxy

but yl per oxy) but aggsters Zudéa wbiaNMvAISADX Y hitdaoRane, n-butyl -4, 4-di-(t-

Gty  Peroxy) varerate: Sl eddsfls bk AN BOTOKY OUALAL Qo ShiMaedr i
-(t-butyl peroxy) butyrate d"i f xi de f

- d| (t-butyl per oxgyntaining the 5%#6%/!“5%#\%?16“1“”‘9 steps:

2, 5-di met hyl <2, 5-di - (t but yI peT)Oiﬁy:)inbai!ﬁnﬁddldivet with/h u%ﬁomer,p@rie&héieor polymer

t-butyl-[err]-cu I 0] sdiethyl.- 2, 5-
- di-(t-butyl per ox% N hex n prﬁg?ag %;f/l‘ érllc'-)’ﬁc%gr oxy- ‘gggheé #h{/?eﬁe%%ﬁé,ufu‘r’rséeﬁew
hydr oper oxi de, t- E)‘m“thehyElfF’(?aér%ﬁF‘EPé Mgyl hydr oper oxi de, benzil
di met hKI ketal , 1- hﬁdlroxy cy(clnheanﬁphf)amerkeﬁ@neaxtdﬁdmahaxyedtyslﬂ @%Yding,
acet ophenone, 2-ngt = 4 | t hi en propanqne,. . 2-
35 benzyl (2-me ef?": mi |no ’gé’%gn %’gré’pﬁmelqegg? o"'fm ﬁ?b;-he
tri met hyl betfoyl -!ﬁtﬁﬁﬁinOM%Wn@t@%ﬂdért%éﬁzophenone, bl end of 2-
isopropyl - and 4-i sopropy'brtehkmmweaﬁ beZaJE,édrw(thpﬂBﬁlhﬂinlarpbﬁ&)ﬂt- duch that
propanone, and bl g [0 hl or ot hi. ox one. C o
VO 96/ 26184 p%o t:.%ug rom S’-r!sdt percent by v?é gz o% thISCf[j]nlgllfgcé’}“B?)ﬁfJion'
21 Prefempdyy ddet 3ditre in@resans| inpe roerRt Graraekaust ¢ to 60
compound shoul d percent ltg Wibpreduse prdreeasly|ininel adaieivel 8 bi&gnt es3gaitamount
(either thiglg or ns at e | 1 e
reaction i sqéorrpl from abou! 73 F‘Eﬁg %é%gmgypg} ?ﬂgmog%rgg{?‘ grﬁtce?égésg@?r% u%og to
24 hours, nore tyfﬁ%&?ﬁ/ lems °°m¥’f°|=b?ﬁ°9555hﬁoa"6‘1h’dﬁrss &ﬁﬁlf%?ﬁ%]ty P’;ﬁﬁeﬁ‘alflry’“far 6‘1’n15
3 hours to 5 hourgercent Hreweight. reaction should be allowed to proceed at

any tenperature that aCh'xS‘{ﬁuli ng examp1e9%§ %%dmé %%Exlst S 6113Be JsY PUrd s

t enperatures from about

Addi tives such asthay Eirsafdidiyes FF‘ht"Fnﬁ’d&@e‘r‘?t Sre ?ﬁfyé?ﬁei -vipyl, mephicauints:
can al so be 2addedvinyitdimepOlvynFr iedadr, 041151 xtouramyt ﬂ:)ﬁbtzﬂirﬁort-h&rbon double bond
desired properti eéonQLuhb.S hdnflr BE QY¥Gdmer | %%Sﬁg ‘inle.l! e%?gms Q8 yimides,

exanpl e, be added the reaction to control color o he” end product .
polyoleflns, unsaturated polyesters, polyamides, polyesters, and

phenolics.

One, non-limitin§ use of these polymers is as an additivs for a

25 polymer formulation for making ophthalmic lenses. The formulatior
contains compounds which contain reactive double bond species which, upon
polymerization, form an optical grade polymer. Non-limiting examples of
such polymers are epoxy and urethane acrylate or methacrylate monomer or
oligomers, vinyl compounds, allyl compounds, unsaturated polyesters and

30 vinyl ether compounds.

A wide variety of specific polymeric compositions are known to
be suitable for use as optical lenses, for example, eveglass lenses. The
additives may be used with any of these polymer systems. Examples of
specific polymer systems are set forth in U.S. Patent Nos. 3,891,523;

35 4,073,967; 4,107,235; 4,146,696; RE 30,212; 4,228,256; 4,268,134;
4,376,800; 4,382,135; 4,435,450; 4,544,572; 4,737,558; 4,758,448;
4,769,431; 4,781,978; 4,800,123: 4,826,936; 4,830,481; 4,837,289;
4,857,606; 4,873,029; 4,912,185; 4,923,906; 4,936,666;: 4,977,229;



Non-limting exanples of suitable antioxidants include triphenyl

phosphite, and trisnonyl phenyl phosphite .15 The_additives
deseri bed above are suitable for use in polyneric conpositions for
opti cal purposes, for exanple, in polyners used to nake eyegl ass

| enses. The conpounds can be used as reactive additives or
non-reactive additives. Non-reactive additives are q&ﬁﬁﬁagﬂm}he

pol yneri c mYQ¥%18 i nh 20 the same way as conventional additives and do
not react with the pol ymeri zation2#i xture. \Wen selecting a
non-reactive additive for use in an optical conposition, such as an

eyegl ass | end.2¥h@Shot- PEadPivE 049.321: acffl1fe HR6 hava7% 168% r act i ve
i ndex whi ch issoeth&3saneoms, 684bSt mast, 83d;| §,147,585; 3,he9 Sameandss t21a{2401 t he

final polymeric compaalti ol N LSLL AChiNG MuesvekM ity the final

pol ymer and the additive are su anti a he fi nal
product will aﬁav@eashazydezﬁseaaﬁaﬁééghmFﬁlfzfran ﬁfrﬁh%@r’-?%mv em°r18rre1ease
optical gradagpmsin@icSdyes, in order to imprdve tigAptdpeetiddot ith@Linse lens

i ncor porated Q. t he pol yner, the addi tive need not have a
refractive i fdéx whi ch matches the final pol yrer . By appropriate
sel ection of the reaG‘E‘Pvf@raﬂkﬁt?M/ée%ﬁdbf%ébﬁﬁnb’rré\“?ﬁ with the gdditdnerandy

pol ymer can hripispaésd tmarmﬁ aneam 6131 1 B polyimkyzeiC glass moaad
relative di S%I‘ Sh %a atnd ge%:.?éd cFﬁvrat z)'c(]aglg?z:' %helffinsﬂqg;sef ractive index

of the nononer~or ve are known, the ultimte
refractt%e index of t°|"le mr’;/’ri"é'r’-i‘t?aﬁ“l?@eﬁrzéﬁ#‘@t BRPIMFR HSr s deHAME e e apidy
35 fromt hﬁnﬁlﬁﬁ)ﬁ &h@%lﬁﬂerﬁb%@mﬂ@ﬂ’mﬂeﬁlté&posed to UV light for fEbthibout

termnated r qagt I \6em:facli1 {ejst I \ée ef gabr!l é CthISnR a?xr md:st preQL:Jag

m xtures whi ¢ch are cure reac
VWD 96/ 26184 about 5 to 15 m:.nut:es The molds are then exposed to a hePCFP‘BEQB/WBl?
22 t %nimahmraddjahbyaﬁlmnv reéxg6durei i) core bl e Maacddoeassni Xt ur es

or epOX¥5 con u eé %ITngDUI;_e Du%inr\]x Fs,a Le%llrgbli ”Holm% Q__I‘ SSQ m, nutes, more

The formation o enseés or er ric opfica materi al
cont ai ni ng t WEeERFaPIY \fémméést"c Re “FG‘P‘H?\M f§ Sheepad ofkhis e"P"S“rev the molds 1)
m Xi ng the adgetdrdfstirkéa antdRANBen Wity AFEKeaRbd R0l ¥ Rfperature @h ARG Minkd

appropriate 'f%& 'a?&% 30 &”‘i’s&ﬂch%r&g@bﬂ; VS 3m W0 EJ‘ 1§§fc Uxﬁo%Q ;Ex%ferably £:3hM

t he opti cal ng, polymnerizing,
extruding, i ﬁ}’%‘éﬁ 8% tﬁn}’cﬂ°ﬁg The molds pke Kepf dl"n‘f’f‘?gm’%’r f‘t’fs bREresRy 3bMdr
approprzat e mebrdpeitepiigebaivagn 0hendl® hoursrainerioat preféxably tfitem Gpinirtdks
article. to 2 hours. Feollowing the heat treatment, the molds are removed from the
oven, allowed to cool, and the finished lens is de-molded.
The following examples are non-limiting working examples which
further illustrate the disclosed invention.
25 Pentaerythritol tetra(3—merca§topropionate) {referred to below
as "PTM") was obtained from Evans Chemetics. Styrene was obtained from
Arco Chemicals, Inc. p-Methylstyrene was obtained from Deltech
Corporation. Dibromostyrene was obtained from Great Lakes Chemical.
Celloxide 2000 was obtained from Daicel Industries, Inc., Ltd. HEMA was
30 obtained from Rohm and Haas. Iragure 184 and Darocure 1173 were obtained
from Ciba-Geigy. Lupersol 575 was obtained from Elf Atochem. Divinyl
benzene was obtained from Dow Chemical. 3-Methyl-3-butene-1-ol and 2,4,6-
trimethylbenzoyl-diphenyl -phosphine oxide (TPO) were obtained from BASF.
Methacrylic acid was obtained from DuPont. Diazobiscyclooctane {(DABCOQ)
35 and hydroguinone (HQ) were obtained from Aldrich. 2All materials were used
as received.
The refractive index of the additive was measured using a Abbe

Refractometer, mam_zfactured by Fisher Scientific.



The additive can be added to the polyner in an anount such that it
constitutes fromO0.5 to 90 percent by weight of the final conposition.
_Preferably, the additive is present in an ampunt from about 0.5 to 60

- percent by weight. Mre preferably, the additive is present in an anmpunt 15
‘fromabout 0.5 to 40 percent by weight of the final conposition. For

eyeyl ass | ens conpositions the additive is preferably present f{,&,m; osloo1 35

percent by wei ghWO 96/26184 Non-1imiting exanples of the rononers,
ol i goners, and pol yners that the additiaes can be added to are:
acrylate, vinyl, nethacrylate, 20 vinyl ether, vinyl ester, allyl, or

any other car bon- carbon dBibVasIRsAEY of the %Fh‘fﬁ‘fl‘l’ﬁf hearsrest “E’fngof‘l“ﬁ’éﬁhr”"'n
pol yur et hanes, epoxdéhetdd(| yHnkEsASred by Bropkdiybd.efi ns, unsaturated

pol yesters, poI yam des, pol yesters, and phenol i cs.
One, non- Ilmtlng use of these polyrrers IS as an addltlve for a 25
pol yrrer for mJ| atl SSalia e aaa ..' = &R O P A & N ‘O rdsle i RN

cont ai ns compounds whi ch contain reactive double bond speC|es mhlch upon

pol ynmeri zation, form an oglayrcge ‘gggceige pal, gy, wlg(;nw mél{;l& exéadggllﬁs &ree

such polynmers are epoxy and urethane acrylate or acryl at e ‘nononer
ol i goners, visnhyl BefpoteHed, b%FItP‘yIfléﬂ?rﬁb‘tnﬁdglthuﬁ%Oat‘%lr@t@d p"ﬂ?‘yééﬁsér‘sasaﬁﬁll?é
vinyl ether conpOwisS rubber stoppers and plaredl O aVeuCr edven OforSREbkink t HIG ymerl c

conpositions are L(‘T e‘é’” ¢ Orﬁ contdis SJ%L %Wi?le%:éﬁﬁ nizhpgkéﬁakhé ¢Bs %ss?%ged

exanpl e, eyegl ass nses ditives

pol ymer systens. BXe@vphestyfene. Thefdagk Wag rﬁ@?‘fﬁﬁ’aFr%yﬁrteeﬁ’ée"a?@i §il°WP6r't°h°°°1
in U S Patent Noso 12s8%habh24d°c Hr which, gbidr IaGH; (660147 4 283; el ) 1vilz, 68ihednto
30, 212; 4, 22& 256; ,fg %134 4,376, 800; 4, 382,135; 4, 435, 450;

4,544, 572; , 137, g%eB ?Is 58, 448; 4,769, 431; 4,781,978; 4,800, 123;
4:826,936: 4,830, 481 4, 837taguless steel gtirying(yade; Wy Jngeuyed inge Xhegtlask s
" 4,923,906; 4, 936, b&fiexr&qed¥7, A28ype K thermocouple was iN¥Brt&OARELEBY one of the two
PCT/ BE96/ 00017

4:997, 299; S, 023, 305 "BG48" §57. 150209 456° Lo dRITTY. ’“5%396 fggonicer the
5.071. 531, 5,076, B¥Fricp tewpeyafures e’ %‘sr =3dq Nyl owps gyippedpgithsan air

The for nul atison cesmdahs«x.CcOnicadss aeldidbd wast ret€h habiddVlight sourddss OEleetsy Lite

hi ndered amine | i glt,o51akh! '»?oﬁE)E@L@%bE”GuQE@ §?itrinwé1er§1a%é’§9facﬁug ehPIEIS

and dyes, in order to inprove roperties o final |ens
The contents of the £ ask were vigorously agitated using the air motor.

The two lights were then turned on and the reaction exotherm was noted
within seconds.

20 The two lights were turned off and on to regulate the speed and
temperature of the reaction. 1In this way the reaction temperature was
kept below 60°C. After the reaction exotherm began to die down, the
material was exposed to both lights for an additional 30 minutes. The
entire reaction lasted approximately 4 hours.

25 At the end of the reaction the refractive index was 1.5645,
measured at 25°C, and the Abbe number was 37. The SH remaining was
evaluated by titration with iodine and found to be 1.38 meg/g, compared to
a theoretical value of 1.22 meg/g. The viscosity was measured to be 1972
cps at 25°C using a number four spindle at 100 rpm. The material was then

30 stored in dark high density polyethylene bottles.

The procedure described in Example 1 was conducted using styrene

(491.3 g, 4.717 eq); TPO {1.36 g); and PTM (600 g, 4.764 eqg.).



article. The formul ati on descri bed above |s m xed W|th t he

addi_tive and polynerized. Preferahly .the materi.

“in a glass nold whi ch has the desired curvature for the final |ens.
10 One non-limting polynerization reginmen is as follows. The
nol d containing the polyneric formulation is exposed to WV |ight

for from ab% 184 1 to 30 mnutes, preferably about 1 tgerhEebivdoui es and
nost prefer VIZG about 5 to 15 minutes. The nolds are then exposed to
a heat source, such as an infrar@8 | anp, while UV exposure is

continued. This process s 15 cqQnduct ed from 0 tQ, 90 nj nut preferably
fromO to 60 minutes,PURbI% this reactipny AP i\ PSR RS Bt rteSt?bah'ﬁﬁt glask ° t he
end of this ea&povurtbe cdohbingpptishe reactipne tAgairsthe reactint Geaperatere whsch i S

heated t0 a L,REP&ALW@OEN hP&S amgeaacmn e&saimmgan 80 4 35@.[ e¢del C,
preferably from90_ to 135[err] C . no 100 to

r ef er abl out
120[err] C. THEEAGIAdsWas 88888 Hon b‘ftﬁ’el’dﬁ‘éﬁ ff°5ra’bg?%é?f"€! %1%6‘1ﬁ“=°20 ™igours,
pr ef er abty beteaeeirpnOlamtdd 2rhoenigatalst hdsvrspreferably from 5 m nutes
to 2 hours. Follow n&ttbﬁe hRalos! (iRALERALon LHE ﬁ@ﬁi&@g @nawsed do@M t he

oven, allowed to cool, apd the finished |ens |s7de-
The fol | owi ngre@¥&H s 2ar‘é' ﬁB‘h P APPF YT KE%d exahmsé‘srﬁwwg was not
further il usteteatngned dutli el dseaatagvanttyi @eter@ined the free styrene to be less

Pent aeryt hri t@l, teirf( 3'1'111@%@&&9%]%& %ﬁ&ﬂd(é&ﬁ@%@@' dp@ ELOW using a @S
"PTM ") _was obta| ned from Evans rene was obtained fr

rom
Arco Chdfi cal®™PehEous sRptdty| %?%ﬁ:‘-}’“vva?'%ﬂ‘f"a‘?‘)r/’téh ‘?Foﬁ%ebeﬁ"t"é%% in dark high
Cor por ati on. dembitonpslyeterienwdetobsai ned from G eat Lakes Chemi cal.
Cel | oxi de 2000 was obtained from Dai cel Industries, Inc., Ltd. HEMA was 30
obt ai ned from Rohm and Haas Iraure 184 and Darocure 1173 wer e obt ai ned
ff om G ba- Geif§® PERLY b 5 7
benzene was obt ai ned from Dow Chem caI 3 Met hyI 3-butene-l-ol and 2,4, 6-

trinmethyl benzoyl - di pf;@gyénepmﬁ.pel eesmhdﬁ whd FJQLgmr ffntrabs 3ioBe thaf QY BAGEX
Met hacrylic acid was obtained f Pont. Diazg cI ooct ane DABCO 35

and hydr oqui FGH¥ (’P@"“\ﬁgrféaﬁ]bt‘&f’?%d'i'f‘} dnk A=3PS Eh. Irg Wrenhat oft-d € wef? used
as recelyed. Irgacure 184 was soluffie imcfraehe \a8 Tovdetempérathee &gditatvereras

gEQSU{ _e?_ US| B@ainBPe not necBREEACT BHELBE. 2NRNYI AL LY CHad Ve bdrtReInto the
cientific.

flask. The flask was set up for reaction and agitation as described in
Example 1. An air hose was directed at the flask to aid in the cooling of
the reaction and the reaction temperature was kept below 60°C. After the
20 reaction exotherm began to die down, the material was exposed to both
lights for an additional 30 minutes. This reaction lasted approximately 3
hours.
At the end of the reaction the refractive index was 1.5568,
measured at 25°C, and the Abbe number was 37. The SH remaining was
25 determined to be 2.77 meg/g at the end of the reaction, compared tc the
theoretical SH value of 2.8 meqg/g. The viscosity was measured tc be 1320
cps at 25° using a number four spindle at 100 rpm. The material was then

stored in dark high density polyethylene bottles.

Example 4 - Preparation of PIM/2-hvdroxvethvl methacrviate (HEMA)
30 product by Photoinitiati

The procedure described in Exaﬁple 3 was followed, using HEMA
(508.5 g, 3.91 eq.); Irgacure 184 (2.5 g); and PTM (482 g, 3.91 eq.).
The flask was set up for reaction and agitation as described in

Example 1. 1In this reaction, the reaction temperature was allowed to
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24 The viscosity of the additives was _neasured using a
Model DvV-11 " Visconeter, nmanufactured by Brookfield. Exanpl e
1 - Preparati on of PTM Styrene Product by Photoinitiation

Styrene (372 g, 3.573 eq.) was weighed into a 2000 mM, three 5 neck,
round bottom fl a%%gﬂlg with TPO (2.43 g). The flask was seal @¢1/BE6/00017
Wi th rubber stoppers placed in a 60[err]C oven for approximately 20

m nutes. The contents were swrled occasional By until the TPO dissol ved
into the styrene. [The flask was . .renmp fromithe oven and allowed . to cool
to | ess than 40[ erPfEe25f thit C'P?’%BT%PLZ%%W( 685“5 the FeAFtAYR )ex\’ﬁg‘§n\'}\ebe§7‘fec§° die
into 10 t he f| aiokn, the material was expoped ity prtbskightedpbr @i 24dinterbl atfe was

inserted into the fih@sds.s this reac@wat ﬂste@@tsproaiﬁﬂ@@ytﬁ hégisnocoupl e was

~inserted through one of th necks 0 ask and jnto th
material in order to moni tg’F 19faining SH w?’ §g TR T de];:r%ebrea u%e ‘% otHfe F"é of

si de neck wasSequitbpexkagkidn.arThai matebial wasotbemstered M%Eiwnﬂemgymtt

metal halide |ightyosPdtheesne( BbtR8LLO0 Lite Cor por ati on, Mdel ELC 4000
Curing Unit) were placed facing the flask. The contents of the flask
wer e 'vi gorously agltated usi ng the air m)tor The tvvo Ilghts ver e
t hen turned on andExaixser® R ic /= akne R Q

20 The two Ilghts wer e turned off and on to regul ate the

speed and tenperat ure of t act In this t.he re i O

t emperat ure was kept® Bfﬁnew‘%é[grgr’]AC%A?‘t erwatshwelmga%t’f’% €°g°:°h’&’r fhree
began to di e downnhefke round botrmmetliagk akong expPoIEY @o5Dhelh Mhelilask grs Fealed
addi tional 3@ M Ny es rulbbh& scoppereratta r;ﬁaé.eﬁ@tIaoeodcast&,df@uo%%m:ety 24

hours. 25 . At the end o on the refrac ndex
1: 5645, ToadiPial DRLETIITS WHt PHE b e MY e ch phe Al ke dERa
remai ni ng was inte\hk stiveehehy Thet flaskorrswidmeved direte thndvém and aldowsd to 380l

- meq/ g, conpared tQo less tiant hERr & WE&n BadrdCoriMa 151826 0L A7 Hae) \WaS GRS bk
was neasured to be g % f1ask. CPS at 25[err] C using a nunber four spindle

at 100 rpm The mat'etiar Was then 30 stored in dark high density

pol yet hyl enetbhot tl es. The f1BEgkwpk eseR up for rPaghigr And RYibEtiPT MsSasqcaiked in
Product by Phot oi mixhigdlel ON aAn air hose was directedl B€ theORASK!t8 HRASCK ithedcbNing of

5;(arrglng éth\f?Gggnng}%(;%gs;gg 'I%t y:ge%ggion temperitlv}xgg' 'w%s gkepél'lze}Zw '%%c ngeg: lﬁh?é6

reaction exotherm began to die down, the material was exposed to both
lights for an additional 30 minutes. This reaction lasted approximately 3
20 hours.

At the end of the reaction the refractive index was 1.567,
measured at 259°C, and the Abbe number was 36.5. The residual SH was not
determined. The viscosity was measured to be 216 cps at 25°C using a
number four spindle at 100 rpm. The material was then stored in dark high

25 density polyethylene bottles.

E le 6 - P £ £ GDMA/Dil . prod by ] ]
Initiation

GDMA (204.6 g, 1.89 eg.) was weighed into a 2000 ml, thres neck,
round bottom flask. Dibromostyrene {495.4 g, 1.89 eg.) and 3.2 grams of
30 Lupersol 575 (Elf-Atochem) were weighed into a 500 ml addition funnel
equipped with a teflon stopcock.
The flask containing the PTM was heated to approximately 90°C
under agitation. The addition funnel containing the dibromo

styrene/Lupersol 575 mixture was placed on the second neck of the flask
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25 During this reaction. an_air hose was directed -at the
flask to aid in the cooling of the reaction. Again the reaction

t enperature was kept bel ow 60[err]C. After the reaction exotherm
began to die down, the materi al was exposed to both lights for an
additional 30 mnutes. This 5 reaction | asted approxi rs

At the end SYOREMeaction the refractive i ndex was 1. 569g%&ﬁ9§o“%asured
at 25[err]C. and the Abbe nunber was 37. 27The SH renmi ni ng was not

determ ned but gas _chromat ography determ ned the free styrene to be less
than 0.5 % T ¥iLeBAED WREsSTRERr A TedcYian FXeEherBwas: imnsiiatel e ahsrifgda
10 nunber dnduthes padidhen atatd 0@s rqpatrolThe sabthati tle washétic Remidepsirtel diadar k
hi gh RSl i XeRQlo¥6t hyl ene bottles. Exanple 3 -

Preparation of PTM Styrene Product by Photoinitiation

Styrene (351 g, 3.37 &qgthe %4 akefiphEtpotith the Xobrarive dRfXewsodkél7s,

round bost omagabhskatal26Pc, whd thd  Adbgmanberoivad 3gac The sE8denalnihggyas The 15
|rgacure 184 uag.all yitheridipgiod 809 gég hogiR. tm%ﬁkwﬁ &6 LOAH +8Ra in

heating was not_ necessary. 847 was wel ghed into t
flask. The fl|9%k higk ‘?@f“ﬁ)‘bpfbfe Plé‘szle?ﬁt%ﬁ‘fd agl tat i on as described in
Exanple 1. An air hose was directed at the flask to aid in the cooling of
‘the reaction gng

Dr

the 20 react! or f ga 0 die down, the matertal was exposed to

bot h | ghts for an additional 30 mnutes. This reaction | asted
approxi mately 3 Thefdide8dure described in Examplé\ié wie cenileaf outhesimgawiti on

the 1ef5gcti VRob ek MRSedr > i8rone (172 UPAWELLLA. 23] Shld:Gy1 356 hh Ahbe

nunber was 37 renai ni ng rmne o

the end of the reacti™®8, r%hﬁf&i"éo‘“ﬁ’@‘ fRe 1. 5537 PIRERFS R AP @HaV‘éI“ﬂ}é Pg’Pez 8
nmeq/ g. The Vinafibed hys W3S NMBassy eéehainilewds320trated witpJoaine2bf derl. CGousdgng a
“nunber four sy & 2 L0t ATal R IPLE"E.3) AP0 | MBI viscosyl BEEGehdlndar k
“high density poly h | éne bot t ? Priepar ati on of
PTH 2- hydrox}@t’Pﬁ/llsﬁéfﬁac’r"yP%?Ce“’(ml\A)““ﬂ’Eﬁr four & SPindle at 100 rpm.p Bty by
Phot oi ni% i at im@ferial was then stored in dark high density polyethylene bottles.

—

Pl ipitiati

GDMA (741.8 g, 7.86 eg.) was weighed into a 2000 ml, three neck
round bottom flask along with Darocure 1173 (2.5 g). Divinyl benzene

20 (258.2 g, 3.43 eg.) was weighed into a 500 ml addition funnel equipped
with a Teflon stop cock.

The flask was set up for reaction and agitation as described in
Example 1. The two lights were then turned on and the divinyl benzene was
added over two hours. The addition rate was increased or decreased in

25 order to control the exotherm and keep the reaction temperature below
80°C. After the reaction exotherm began to die down, the material was
exposed to both lights fof an additional 30 minutes. This reaction lasted
approximately 2.5 hours.

At the end of the reaction the refractive index was 1.5578,

30 measured at 25°C, and the Abbe number was 37.5. The SH remaining was
determined to be 3.265 meg/g, compared to the theoretical value of 3.43
meq/g. The material was then stored in dark high density polyethylene
bottles.



The procedure described in Exanple 3 was fol |l owed, usi ng HEMVA (508.5
g, 3.91 eq.); Irgacure 184 (2.5 g). and PTM (482 g, 3.91 eq.).

The flask was set up for reaction and agitation as described in

Exanple 1. In this reaction, the reaction tenperature was allowed to

WD 96/ 26184 PCT/ BE96/ 00017
26 ° I ncrease to a maxi mum of" 75[err]C. After the reactio

began to die WO%%AMA the naterial was exposed to both Ilghwﬁkﬂsﬁm
addi ti onal 30 m nutes. This reaction l2asted approximately 3 hours.
The remai ni ng SH vas determ ned to be 0 18 rre/g at the end of 5 the
reaction. The nEAESRRER—w RRALRBLY Cloomim i el ooy

pol yet hyl ene bott | es. mmmmﬁ;mgn Prepar at i on of GDMA St yrene
Product by Photoinitiation Styrene (481.4 g, 4.62 eq.)
was wei ghed into .a 2000 m, three neck, round bottomflask along with

TPO (1.52 g). The flask VERUA S@28L 9. 16 ean)ias veiighed ity pptod mindthyescrrsk.
ina 60[err]C OV&t’bufxd)rboa&m’ @Xdg¥nt c-Petd}l-3-buteneRlUt €23. T e Z.BNE@N! Gas\RERThed

swirled Occa§| ona | X UQB?] mlt diJ.IE(R gmﬁ%?' ngg?ped w:n.t:lhl Qttgffcntes c]E%ESPe The

flask was renmoved Tromthe oven and ess than _
40[err] C at which point CbRrEYaskgas gpt we 46y r@a?')i"th/aﬁé‘dvﬂlg‘jﬁ@d’“ as desqriped in
the flask. 15 Example 6. NoTttatfx&a%skmwasnsveidaAp tfoOthd €Dk e:sm-.amltnagttteammn

as described in The ?dcﬁéf‘gg‘) fg?‘l nel é@t?{nzngq:?lg 3"@@: grl r?%?&eai otlhvga Lﬁ lgdté)npt

aid in the coolin e reac e reaction tenperature
bel ow 60[err] C. Afeeseccn@ neck of t‘reeé&ﬁko?ﬂdeio%lﬁt%r%Bé@arﬁ%t?ﬂ e Bowreactirn
mat eri al wasoexposeend:m W hild and thé Gatistifonarwaancaédedoimko IAnGtddut a%he flask

This reaction | aﬁagdth%p{;ga)éiewoeEl)bc?’ar?doheld Qgruroﬁe hour. Iodine titration indicated
a significant amount of free thiol remaining (3.72 meqg/g). Lupersol 575
(2.5 g) was added slowly. A significant exotherm occurred, after which
the free thiol was measured to be 0.047 meg/gram. The material was then

15 stored in dark high density polyethylene bottles.

Photoinitiati

GDMA (556.8 g, 5.15 eg.) was weighed inteo a 2000 ml, three neck,
round bottom flask. MAA (442.9 g, 5.15 eq.) and Irgacure 184 (1.5 g) were
20 weighed into a 500 ml addition funnel equipped with a Teflon stop cock.
The flask was set up for reaction and agitation as described in
Example 1. The two lights were then turned on and the MAA mixture was
added over two hours. The addition rate was increased or decreased to
control the exotherm and keep the temperature below 80°C. After the
25 reaction exotherm began to die down, the material was exposed to both
lights for an additional 30 minutes. This reaction lasted approximately
2.5 hours.
The SH remaining at the end of the reaction was determined to be
1.44 meq/g. The material was then stored in dark high density
30 polyethylene bottles.



At the end of the reaction the refractive index was 1.567, measur ed
cat 25[err]C and the Abbe nunber was 36 .5 The residual SH was .not

~determ ned. The viscosity was neasured to be 216 cps at 25[err]C using a
“nunber four spindle at 100 rpm The nmaterial was then stored in dark high

25 @ density pol yethyl ene bottles. Exanple 6 - Preparation of
GDMW/ Di bronp St yrene Product by Ther nal béddobist | ON
GDMA ( 204. 6“'&96%‘ $ eq.) was weighed into a 2000 m, three P

round bottom fl ask. Di bronostyrene (495.22 g, 1.89 eq.) and 3.2 grans of 30
Luper sol 575 (EI f- At oche ] were _wei ghed |ntoa 500 ni addltlon f unnel

equi pped w t4rgs . : ; ng the
PTM was heated to approxmmtnpigu%[ err]C under agl tation. The

addi ti on funnel containing the dibrono styrene/ Lupersol 575 m xture
was placed on the second neck of the flask WO 96/ 26184
PCT/ BE96/ 00017 Diphenylmethane diisocyanate (350 g, 2.8 eq., sﬁ,d as Monduramﬂ a

sl ow dri p wesndst a3t gthmsAof ®ABEG @Erecwaidhed ninvas: Bo0tedl attbtee obtiaif k.
and thegaddi ﬁdz&”do@t £ g\2f. £20Ly Qhd 8945 %réﬂakftﬁ}ﬂrfq?ﬁﬁ?ﬁé)ﬁrﬁéztee@%é& YR, di d

not exceed 105[err]C he end of the reaction the
refractive iR} \igdiviog fugnel g measur ed at 25[err]C, and the Abbe
nunber was 34. The THe £hiski ¢rintginddg the Mondut MLIN@&isedodeirdtelicabiinetdds be

0. 064 rreq/ g. Eﬂﬂewagag&{e'daLvéQa&et HS’J} Séﬂiﬁg éa@e to limit qg‘xre Qﬂpgjfhtqggsﬂ

pol yet hyl ene bottles. anpl e Preparation of PTM Styrene
Product by TIREMPRR 6F Andi Z%Con The | te’“perature was then pintsiped §aF &00BEWFPhed in
Exanpl @06 westtrearuhecuEMaUbasusuXly &It 10 The pro@lR fromlexadbleq. )506st W ena (372

g, 3.753 eq. Qq&y;,ﬁ@ L&%Eé t§7§\ %&lm.ﬁfoeg}unngl 'I‘hls was then usI:E'Q:or ?Jprlggé Lve

i ndex was 1. rreasure err unber was_ 37.
The SH renmtrhenb‘i%ém’( ifppoatethifpihed) "c’)‘ﬂ‘itﬁ\‘e“eldo”tfe“%Q ’i?éq'l‘”je“al was afdsshr ed

t o a theor ettocghe \fahsle ovér 15 3@ nnegy. §. ThEheempesz08¢ twits Viaer ¢rzad Woctletween 88
and 93°C and held for two hours. The reeidual free-NCO was determined to
15 be 0.16 and the residual free SH was determined to be 0.206 meqg/g.
Styrene (117.75 g) was added to the flask and mixed until
homogeneocus. The refractive index of the mixture was 1.5787, measured at
25 °C and the Abbe number was 34. The viscosity was determined to be 4730
cps at 65.7°C using a number 28 spindle at 50 rpm in a Brookfield Thermal

20 Cell. The material was stored in a lined guart can.

E le 12 - p £ £ T Hvd E ional E led
PTM/ Prod by I 1 Initiati

PTM (1027 g, 8.0 eqg.) was weighed into a 3000 ml, three neck
round bottom flask. 3-Methyl-3-butene-1-c0l (344.4 g, 4.0 eq.}), styrene
25 (208.3 g, 2 eq.) and Lupersol 575 (2.4 g) were weighed into a 1000 ml
addition funnel equipped with teflon stopcock. The flask was set up for
reaction and agitation_as described in Example 6. The flask containing
the PTM was heated to approximately 90°C under agitation. The addition
funnel containing the monomer mixture and Lupersol 575 was placed on the
30 second neck of the flask and a slow drip was started. A reaction exotherm
was immediately obtained and the addition rate was controlled so that the
exotherm temperature did not exceed 105°C.
Ninety minutes after the monomers were added, the residual SH
was measured to be 1.38 meq/gram, compared to a theoretical value of 1.26

35 meq/gram. Divinyl benzene (152.4 g, 2 eg.) was then weighed into the



to be 1668 cps at 25[err] C using a nunber four spindle at 100 rpm The 15
material was then stored in dark high density polyethyl ene bottles.

Exanmple 8 - Preparati on of GDMA/ Di vi nyl benzene Product by
Photoinitiation GDVA (741.8 g, 7.86 eq.) was wei ghed
into a 2000 m, three neck round bottom fl ask al ong wi th Darocure
1173 (2.5 g). Divinyl benzene 20 - (258.2 g, 3.43 eq.) was vveiglhed into a
500 m additi on Won9618€qui pped with a Teflon stop cock. P TBE6/00017
The flask was set up for reaction and agitatizgn as described in

Example 1. The two lights were then turned on and the divinyl benzene was
added over two hmeaditichhturmddisndodripped ines thegreadien, ohildesriagsizdng rehab

order to control jthee&potiperadRd Joaep 1bbe reaction tenperature bel ow
80[err]C. After the reactjon exothe wn, the material was

0 rmgeg:ggto die dsoi L
exposed to both lights fd¥t8h 3RBEEIAEY 36°MisnbieEesitHrs S PaToFsstade
approxi mately 2. 3.Qbuwegt/gram. The refractive Andeheaeridsst, mérsurebet i 5Act h@ghe
refractive igdex Waseshtyiad metdurea BBGRUIRG &ls 26681 §9cCusidga thdfnddPBE spindle

nunber was 37.5. The SH r inin S determ ped to _be 3,265 neq/q,
conpared to the taf'feg? @FCaﬁggd‘laﬁ%g#B S, Ghen St“e&re‘&/%&ﬁfé’hn%"éﬁyaf’“vﬁgh‘%“e

then stored in dadktiesgh density pol yet hyl ene bottl es.
WD 96/ 26184 PCT/ BE96/ 00017
28 Exanple 9 - _ Preparation of —GDVA 3-nethvl - 3- butene- 1- ol

Product by
GDVA (281.1 g, 2.6 eq.) was wikgleeghildcoAddi®d0 m , three neck,
roound bottom fl ask. 3-Methyl-3-butene-1-0l (223.9 g, 2.6 eq.) was wei ghed

5 into a_p00 m addition fLénneI e%%i <;)ed with a te_flor}, st opcock. a
The flask wA% set up for FBattibf-afl ag t MRS SRAHEAIBEL T D-F Ph Compound A
Exanpl e 6. No heatiliwes:raved beldwy Gddesh)t in tthe pirkssice on0 ali3ng rigpecathi@e GDIVK. (0.2

The addition funngl €0Rtaiodi Y ebhewsIviBhdirk - BiNL RS dhattiviasnBl AERE p2R with

t he second neck of the flask. and a slé)w drlg was_ started. The reaction
two thioether linkages and two unreacted mercapto moleties per molecule.

n20/D = 1.584. The viscosity at GOf C was 1900 cp, and -SH 1.5 units

15 were 1.5 meq/g (indicating 100% conversion).

0 . Br
0
O/\/

Br Br Compound A

leophilic Additi

GDMA (5D g, 0.46 meq) was reacted with 149 g Compound A (J.35
20 meq) in the presence of 0.4 g Ancamine K-54 (0.2 Wt. %) at 70°C fcr forty
five minutes to give GDMA with an average thicether functionality ratio of
1.5 and a mercapto functionality of 0.5 per end unit. n20/D = 1.593.

Ninety-five percent conversion was obtained: -SH = 0.67 meq/g).

Examnlg ]5 - Exﬂa:asign Qf CQmpg"nd B canngd ﬂj:b :hg nzgdn:; '?F
25 Example 14

The product of Example 14 (72.8 meg} was reacted with 4C g of
Compound B (illustrated below, 155 meq) at 70°C for five hours. No¢
additional catalyst was added. Ancamine K-54 level was approximately 0.15



10 exothermwas mld and the addition was conpleted in 40 m nutes. The

flask was then heated to 600C and.held for one hour. lodine.titration
i ndi cat ed a significant amount of free thiol remaining (3.72 nmeg/g).
Lupersol 575 (2.5 g) was added slowy. A significant exotherm
occurred, after which the free thiol was neasured to be 0.047

meg/ gram The material was then 15 stored in dark high j

pol yet hyl en®¥{2618ds. Exanpl e 10 - Preparation of msmgcryl ic
Acid (MAA) Product by 31 Photoni tiation

GDMA (556.8 g, 5.15 eq.) was weighed into a 2000 m, three neck,

round bot t orifeiphs PercaphA (r@azflgag produet eapsistedof ppERaGEed fempopnd 3. gSheper o
20 wei ghastolidto oft Ex@fipid 18ddbbddoni thucaebuel]Bi fdepossesding def | on st op
cock. S itaf.d,Qn as
descri bed Hfmlymenzg(le Q%gl&g%%ﬁe twgde[w%ﬁts v!\;/g%‘g@’tg#e(r%g?%gﬂ% onﬁgrllg the
MAA mi xt ure Wna84- added over two hours The addition rate was increased
or decreased to control the exotherm and keep the tenperature bel ow
80[err]C. After the5 reacti on exot herm began to die down, the materi al

was exposed to bo | ights for an addPtional 30 mnutes. This
reaction | asted apg
remai ni ng athl(*le e 2

mat el 2.5 houfs. The SH
The material Was then stored in dark high densf ty 30 pol yet hyl ene

I mypned to be 1. 44 neq/g.

bottl es. WO 96/26184

PCT/ BE9B/ 00017 Cogpound B Exanpl e
11 - Preparation of Urethane Oigonmer from Polythiol from

Example 3 ] apat e+(3%0 9, 2.8 eq.,

sol d as Mondlr 0 B0 -were wWerghed i nto a 3000
m, three neck fl ask. SM%WQ@M 1.4 eq.) and 0.42 granms of

hydr oqui none were wei ghed into a 500 m addition funnel.

The flask contai ni ng.j,hg; ¥opdyr, Mo vas yRderately 1686 bal&Houna a 2.3 em

in the presence of 2.8 g (0.2 wt %) Ancamine K-54 at

10 95°C for eight hours. It required an 85% conversion to achieve a
structure with an average of 2.5 thiocether groups and 1.5 mercapto groups
-per four initial thiol end units. Viscosity = 3400 cP at 60 °C, n20/D =
1.592,

15 Hvdrxoxvethvl acrviate (HEA)

PTM (682 g, 5.3 eqg), HEA (307 g, 2.6 eq), and PEA (508 g, 2.6
eq) were reacted for ten hours in the presence of 3.0 g Ancamine K-54 (0.2
wt. %) at 95°C. The final product possessed an average theoretical
structure of two PEA-thiocether groups and two HEA groups. Viscosity =
20 8600 cP at 25 °C, n20/D = 1.536.

(-SHfjnal = 0.29; 92% conversion).

PTM (400 g, 3.1 eqg) was reacted with Compound A (667 g, 1.55 eq)
25 at 95°C in the presence of 0.2 wt.% Ancamine K~54 to give the
disubstituted PTM. This product was then reacted with 814 g EB 600 (3.1
eq) at 100°C to give PTM disubstituted with both moieties and containing a



HEMA was added over one hour, taking care to limt the tenperature to
between 66 and 73[err]C. The tenperature was then maintained for 30 m nutes
10 - after the HEMA was fully added. The product from Exanple 3 (506.1 g,

1.4 eq.) was weighed into an addition funnel. This was then used to
repl ace the addition funnel which had contained the HEMA. The
material was added to the flask over 75 minutes. The tenpgigg yas
i ncreased to bet WO&f/26184 and 93[err]C and held for two hours.

residual free-NCO was determ ned to 15 be3@. 16 and the residual free SH
was determned to be 0.206 neq/g. Styrene (117.75 g) was

added to the fladleximr Af X8 WYrepsred. polvmerizgiepsgutateTiidctignabitiede iThelex
- of the m xture wagodudr784s aipaedr BXlwais with styr2be [t@fﬁ:]v@ andutdie e AdlBer i Nt h
was 34. The visc t 4730 7] er

usi ng a nunber Zgasg;g)%/cng?& i ﬂ%@%gl Jnt apfg)r oon%f ?Seol & th er ma‘f 26%% 3 F-}l
The material was "'shFoﬁ-?th‘ﬁ‘ &“Pﬁ H%ﬂ SEYRR POwEn. Exanpl e 12 -
Preparation of Four Hydroxy Functional Extended

PTM Styrene Prodygt by, Tt i

8.0 eq.) was weighed Into a
3- Met hyl - 3-but ene-1-o0l (344.4 g, 4. 0 eq.), Sstyrene 25 (208. 3 g 2 eq )
and Lupersol 575 (2.4 g) ascbEigepéghatixcticowas ¥0Gtkdnby mixing @@dEdlilewidgunael
equi pped with tef o] f p C n and
agitation as desc"lr".lggr('aglte Q&%xgte Fﬁ‘&g Lﬁ%kb%? r%%&ac)%t g%i%:;?\yanate (ﬁﬁﬁ L}"ST;TM was
heated to approx|’&¥&f€9’§’r@ﬂ¥[16?ﬂlet%Haéflza’bl“t"g&'| on. The addl tion

f.unnel cont ai ni ngp-mkEhytosmirese M2XI12r € waRkD, TEEaNSEOd $574) Wasiphiaage drolbdnbe(o3d1

second neckgf tNe.f4,A3ks 31, Ar5houh A1 0 NASSABESS efd EAGAONGRAPRNGIY

was i medi ately obtain ition rat wasc So t hat
exot her m t enper atSote e the ’é‘)?é%‘@d‘el"(};‘}[’%‘r“r ?%? by Ciba Geigy. Ni nety
m nut es after the nononermewsrigomaddeiktutdd90 SSpnab rked with theSadARESE Ramed

to be 1.38 nmeq/ grgMyGRIDar ?Sj d 9) a &K@%@Jﬁ&?'ml{aﬂhﬁ p%fz:é‘a %@t 32 [ Qartz mold

meqg/ gram D vi n)Q benzene .).was then wei Into
WO 96/ 26184 aving the curvature es:l.red in the final lens. 'ﬂpcw E‘W Bb"ﬁ’f? under
30 atlgli ti ow fighneforant rdnuyEsed InAtayet Hampe avete Ghen whed ¢ortsant thienl aug

t he reacti %1& 1Bk raﬁ:kyé th&'f@%ﬁe WOLJ&JI;DEJIQ was continued from underneath. This

exposure was continued for 15 minutes. After curing, the lens mold was

placed in an oven at 105°C for one hour. The mold was removed from the
oven and allowed to cool. The lens exhibited the following properties:
20 Refractive Index = 1.572
Abbe Number = 34
Glass Transition Temperature = 105 °C
Impact Resistance = Pass
Color - Excellent
25 The Impact test was performed by dropping a 5/8 inch steel ball
(approximately 16 grams) onto the center of the lens from a height of 50
inches. The test was performed at room temperature. If the lens breaks
into pieces it fails the test. If the lens remains in one piece, even if

it cracks, it passes the test.

30

An oligomeric mixture was formed by mixing the following: a

urethane acrylate formed by reacting MDI and hydroxypropyl methacrylate
{(57.59 % w/w), a urethane acrylate based on MDI, hydroxypropyl acrylate
and a polyethylene glycol diol with 10 % w/w p-methyl styrene (19.33 %



After approximately 3 hours the residual SH was neasured to be 0.01

~meq/gram The refractive index was 1.551 _geasured at 25[err]C. The 5
vi scosity was nmeasured to be 1380 cps at 65.6[err] C using a nunber 28

spi ndl e at 50 rpm The material was then stored in dark high density
pol yet hyl ene bottl es. Exanple 13 - Preparation of PTM

di capped V\A&B und A by Nucl eophpitsrdgsryi on

10 (35.2 g, 0.28 eq) was reacted with 60.0 g of Conpound A

(illustrated below, 0.14 eq) in the presénce of 0.13 g Ancanine K-54 (0.2

w. % at 100 t di t t PTM
R S A R P A R N R

Wi th TREFEY " per
nmol ecul e. 5'-tertngeyybrhenyl PzotrTRecke| $E-38i % W/ wk s6D3 Gniwms tHOB@adspaneind - SH
1.5 units 15nuviteBfs byScibRALdgli Ndi cating 100% conver Si on) [err]

Exampl e 14 - Prenar atlcin of GDVA 1.5-Cap

ﬁ¥1s oligomeric mlxture (

Nucl eophilic Additio "(’5‘!’.’7=l$ m’ﬁ E’Eﬂ)e Q%%‘t?%%ct ed
with 149 g CGompelind BxapBledd Q0.8 g)pedhei mptehimlpwass thrrepere8. intg \wwartizne

K-54 (0.2 Wpo1d0nadling Qherdubbath@t de@ifdd in the fihye msnutm hO1 Oy pEMA Wi th
an average th| oether functiopalit

functional i t3P98F W, 995 E¥ntY @ﬁ?‘f%snzﬁfffr-c'inggs tne’ Ton ’Nlﬁe‘ﬁ? ?]Ia@ggplé’r cent
conver si on vesowdt af 1M8d°C L8 sixOnid¥ters(/ The. mold was renexedrfirem tHe-oven and

Prepar ati on 3f o$&d"PoWad1 Bndoiethedl. t RenkNeonR" Q8lWGite@f the2Bo110wing
Exanpl e 14 The product of Exanple 14 (72.8 neq) was

react ed® wi t PTEBeTF16%: Conpound B (illustrated bel ow, 155 neq) at
70[err] C for five hours. Refractive Igdki #il0R2al catal yst was added. Ancam ne

K-54 | evel was approxi maiagby Mlmper = 34 _
Glass Transition Temperature = 120 °C
Impact Resistance = Pass

15 Color - BExcellent
Example 21 - _ Preparation of a Polvmer Containing a PTM/Stvrene Additive

An coligomeric mixture waé formed by mixing the following: a
urethane acrylate formed by reacting MDI and hydroxypropylmethacrylate
{72.04 % w/w), a silicone resin (2.22 % w/w) sold under the tradename 2-
20 6018 by Dow Corning, p-methyl styrene (25.33 % w/w), TPO-(0.0G % w/w), and
2-({2'-hydroxy-5'-tert-octylphenyl)benzotriazole (0.35 % w/w) sold under
the tradename Tinuvin 329 by Ciba Geigy.
The procedure described in Example 14 was carried out using the
ocligomeric mixture set forth above (22.58 g) and the additive formed in
25 Example 1 (10.8 g) The lens exhibited the following properties:
Refractive Index = 1.57
Abbe Number = 34
Glass Transition Temperature = 105 °C
Impact Resistance = Pass
30 Color - Excellent

The procedure of Example 6 was followed using the following

reagents: 1.7 eguivalents (217.9 grams). of n-butyl acrylate with 2.24
equivalents (281.8 grams) PTM and Lupersol 757 as the catalyst. The



WO 96/26184 PCT/ BE96/ 00017

31 wei ght percent. The_final product consisted_of unreacted Conpound
B. -t he product of Exanple 14 capped with Conpound B and possessing a
pol ymeri zabl e acrylic group, and GDVA di capped with Conpound B. n20/D =

1. 584. [err] Exarrpl e 16 - Preparation of PTM Tri capped
W th Corrpound A Nucl eophilic Addition 9‘,000
PTM (400 g, gé)"mreact ed with 1000 g Conpound A (2.3 eq)mmE 3

t he presence of 2.8 9 (0.2 w % Ancam ne K-84 at 10 95[err]C for er ght
hours. It required_an 85% conversion to achieve ructure with an

average of 2.5 t =8B P IYPhtRs 2 HETI SV Hdredhed zﬁrcﬁJBE 1,864, Ho APPG gpmber of
initial thiol endsunissesivyse@si tcy430 8800 cP at 60 [err]C, n20/D =

1.592. Exauphildy = 1. 29T[\4,,D°,p&@p§ld-v\1 18y 2- (Phenoxyet hyl Acryl ate
(PEA) and 15 Hydr oxyet hyl acryl ate (HEA)
PTM (682 g, 5.3 eq) HEA (307 g, 2.6 eq) and PEA (508 g, 2.6 eq)

were reacted for Exemle0pd S ermudanion3. 0 g Ancami ne K-54 (0.2
w. 9% . at 95[err]C. The final product possessed an average theoreti cal

5 A pourable eyeglass formulation is prepared using the
following steps.
1)An oligomer similar to that described in Example 13 (see
. below) is prepared using 1 equivalent of Mondur ML (A blend of 55% 2,4°
and 45 & 4,4' isomexrs of diphenylmethane diisocyanate (MDI) supplied by

10 Bayer), and 1 eguivalent of hydroxypropylacrylate. To this is added 0,.09%
by weight of catalyst (DBTDL):; MEHQ (0.21 % of total weight), (0.08 % in
HPA add. 0.13 % as post); TPS - 0.15 % of total weight; BHT
~0.92 % of total weight; UV Absorber: Tinuvin 329 0.66 % of total weight;
Photoinitiator: Lucerin TPO 0.24% of total weight.

15 2) The material from step 1 (9.8% by weight), is mixed with 2%
of the product of Example 17 B); 66.15% Compound B (see above for chemical
structure); and 22.05% p-methylstyrene.

A cured lens made from this formulation has a refractive index
at 20°C of 1.572; Abbe number of 32; glass transition temperature :c=I 95:C;
20 and excellent color. A lens with a 1.5 mm center thickness passed zhe

Dress Lens impact test.



structure of two PEA-tNhi her groups and two HEA groups. Viscosity 20
8600 cP at 25 [err]C Eamm"'“mmiiuw (=SHfipal = 0.29; 2% ..
comversion). cC o NI PMM Di capped with Both BR-31 and EB 600
(Bi sphenol A Epoxy * Diacryl ate) PTM
(400 g, 3,1 eq) was reacted wth Conmpound A (667 g, 1.55 eq) 25 at 95C
in“the pre gﬁz‘?& 0.2 W . % Ancani ne K-54 to give the PCTBEGOo017 t Ut ed
PTM Thi s y‘g uct  was then reacted with 814 g EB 600 (3.1 eq) at
100[err]C to give PTM di substituted wi t} both noieties and containing a

WD 96/ 26184 PCT/ BE96/ 00017
32 maxi mum of two unreacted, p%i zabl e acryl ate
functionalities. The product was diluted 20 wt.% with styrene to

give a pourabl ea Rigkdrat ddktihg compositdoN i f&Ofiel Yrephrakdoh U sftiahl Fpbay 1] C
and 860 cp at 60 [err]C n20/D = 1.571. The reaction tinme was seven
hour s. 5  BERpte T8 "9preparati on of a Pol yner Containing a

PTM Styrene Additive) 60-75% by weight of a Ah(mgkhipsrelate: m xture was forned by
m Xi ngsthe foll owi ng) &-20% by weibkd BANE m3sdtui&d;cak@sed on di phenyl met hane

di i socyanate (MDI) and,._ hydr.oxypropyl acryl ate (75. % W W

p- met hyl styrene (2(}.)125%({/%\/\’?\7){,%1'?% %8.8‘68;/‘5%’“\7‘\5%%) N 'bcﬁé'néf cgl\ﬁ/"lg %eﬁle (0.11
10 % ww and 2-(2' vngahuwaryios.-tert-octyl phenyl) benzotriazole (0.59 %
w W) sol d under the tradenane Tinuvin 329 by G ba Ceigy.

The ol i gomer m xt ur 90, 6 was mxed, wit he additive forned .. in
Exanmpl e 1 (é‘. 4 é}e. p%l’(é'eﬁlact 5%2%1” WasP ’h°np8ur°éam|’ ﬁ‘lt o"'hﬁr?qjli‘ahezm Tepiol

havi ng t he cur vig ereaged itvethe atepsecs:i nal | ens. The nold was pl aced under

15 1oV light for ghO Hepediag. Infrared |anps were then used to heat the

| ens nmold from aboye V\Qig tlhemgz\{k exposure was continued from

under neath. This 1 oryols
(i1) a thiocaliphatic carboxylic acid; and then

B) reacting the product of step A with a monomer selected from
the group consisting of styrene, alkylstyrene, halostyrene,
15 dihalostyrene, divinylstyrene or a mixture thereof, such
that all of the hydroxyl groups of the polyol are esterified
with the thiocarboxylic acid, and also in such a manner that

the product of step B contains a free -SH group.

3. The polymeric composition of claim 1, wherein the monothiol is

20 prepared by:

A) reacting
(i} a polyol selected from the group consisting of
pentaerythritol, sorbitol, mannitol, glycol,
alkylene glycol, polyalkylene glycol,

25 trimethylolalkane, dipentaerythritol, cyclohexane-
1,2,4-trimethanol, tripentaerythritol,
hexahydroxycyclohexane, peﬁtahydroxycyclopentane,
trihydroxycycloheptane, glycerine, benzene-1,2,4,5-
tetramethanolpentaerythritol, glycol, or a mixture

30 : thereof, with

(ii) a thiocarboxylic acid selected from the group
consisting of thioglycolic acid, thiolactic acid, o-
mercaptopropionic acid, fi-mercaptopropionic acid,
mercaptoacetic acid, mercaptovaleric acid,

35 mercaptobutyric acid, and mercaptchexancic acid: and



_—

exposure was continued for ] [N After curing, the lens nold was

pl aced in an oven at 105[er,mmlwﬁ§,j"!lﬂﬂn The nol d was renov

oven and allowed to cool. e ¢ en iMed the foll ow ng WH@SHEETSHAﬁ(BEEN
Refractive Index = 1.572 Abbe Nunber % 34 REPLACED
G ass Transition Tenperature = 105 [err]C

Resi st ance = Pasa, 1 : Col or - Excellent 25 pcrBeosiosmact
test was performag Byla?oppi ng a 5/8 inch steel ball (approxi mately
16 grans) onto the center of the |lens from a3feight of 50 I nches.

The test was performed ag,rogniePeraiihiue! Le 08 hoBINL GBSner sotectddEfin
pieces it fails the test. 'If f1e NS remal ns i N one iece, even Ti

it cracks, it passes the tesfhe gragp congighifg| of Jomethyl-ppukisapzl-obn MgEhasrylic
Pol ymer Containing a PTM Styaens &sgii¢ \4eia, alkyl acrylate, alkyfne@hi&9Q0Eyd,C2-
m xture was formed by m xing,the foll ow ng: u h Cl te
formed by reacting MD and hf/’ﬂ?r(?)’f{/%rr°gﬁi)l/\qmerg}he)ta%’é%lra f/f'atzg{' ﬁi&og&f@'fm gg‘a)‘%: leavf ®
a urethane aBryl ate based onuwBiturafedr ee)prldplatisceppratcempounds, ghlylgalcohol,
pol yet hyl ene glycol diol W tBaJ&udod,widns cbY locSiideeriactiArd3 2Ya, 6-

WO 96/ 26184 tribro e et ac e, a t P-rC-IZ |§§°9n6/ 99 u]éz of
33 w w), p-nethyl styrene ‘(“?2‘2?210‘/3‘\/\/‘6(3%(0"87‘%\/\7\5) afhd

2-(2' - hydroxy- 5' -t ert 2cenopt e MALR 8RR 0 1R e 61 F Lporpghenoyy igthyb|egter
under the tradename TiiAWakh 233&nRY (HabatheepPuct of step B contains alkbide
ol i goneric %xture (76.05 Q) _¥@s g‘ilxed with the additive 5 formed in
Exanple 1 (10.8 g). The mat er1 al  Wds t hen poured into a quartz nol d
having the curvature desired in the final |lens. The nold was pl aced

under WV light for, 13 pblriskesc cAigo8ltiGulddigraingerd 6ms ob1dindi3 ) 3Cadhekélin

an oven at 130[err]C cfhgrmo%io?:(hi%jlnM)ngthiI?tes @ée@r%%.vé %qgg;gf fgegmetnh?. ﬁvgrpd

and
1.70, and an Abbe number of between 25 and 60.

5. A polymeric composition according to one of claims 1 to 4, wherein
15 the monothiol (b) exhibits a color in the CIE system of a greater
than -0.5 and b less than +2.0.

6. A casting composition according to cone of claims 1 to 5, that when:
cured exhibits.a color in the. CIE system of a greater than -0.5 and b

less than +1.5.

20 7. A casting composition according to one of claims 1 to 6, wherein the
di (meth)acrylate is selected from the group consisting of epoxy
di {meth)acrylate, polyester di(meth)acrylate, urethane
di (meth)acrylate, alkyleneoxide bis-phenclic di(meth)acrylate, and

epoxy bis-phenol di{meth)acrylate.

25 8. A compound prepared by:
A) reacting:

(i) a polycl selected from the group consisting of
pentaerythritol, sorbitol, mannitol, glycol,
alkylene glycol, polvalkylene glycol,

30 trimethylolalkane, dipentaerythritol, cyclohexane-
1,2,4-trimethanol, tripentaerythritol,
hexahydroxycyclohexane, pentahydroxycyclopentane,

. trihydroxycyclocheptane, glycerine, benzene-1,2,4,5-
This Sheet Has Been Rerlaced
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al |l owed to cool

and denol ded. The Tens exhibited the follow ng 10

properties: = 1.57 -

Abbe. Nurber = 34 IR RV < e on vemfoRe RS AR
[err]C Ittpdct sResi st ance = Pass 15 REPLACED
Col or - Excellent Exanpl e 21 - Preparati on of a Pol'ymer

Cont ai ni ng golgm&yrene Additive An ol PGUBEE/OORTI Xt ur e
was formed by mxing the following: a uret hane acrylate fornmed by
reacting MDI and hydroxypropyl nmet hacryl ale (72.04 %ww, a silicone

resin (2.22 %ww sold underdepgndehitepaitRedrtn2lior, 048, bYr ROWLQAEDI NY,
p- met hyl styrene (25.33 %vv/%‘WTPO 0.06 %ww, and

2-(2'-hydroxy-5"-tert-octylp

‘F‘)fbe Bt ri azol e (0.35 %ww sold under

the tradename Tinuvin 328)by CithtvaBtplgyic carboxylic acid; and The procedure
described in Exanpl g 14r¥@§1r§a'i:ﬁé %QO&.'HR’. TSN aTeN hhﬁth a mon&JeEgé:HEEﬂéa fQo)fnt ure

set forth above (22. 25 Exa nP
g) The’lens exhibited IV BMEAGEIPE o P TSRV L 3! BuceRe-1-oF, aBhaleyn

Refractive

eqw val ents (281.8 grams)

15

20

25

30

35

the additive_forpned 10. 8

| ndex = 1. 57acid, acrylic acid, alkyl acrylaﬁzbbealllmlrb@phacrsnate, 2-

dass Tr an5| tion Terrperﬁ}di'gfyprollyoﬁmgﬁ{)ﬁlzglate, 2- hydroxyethyl (meth)acryrhfPact
Resi stance = Pass 30 | or Excell e Exanpl e

22 - Preparation of WGF?‘I""\F@"[H%??IE)W“ISW@%’G’ ﬁ°’b"iﬁ‘91’s'a8+33)’llafle°°h°1
The procedure of ExanpleiBchggrjoichonyddousengdeticdatallase B394, 6- reagents:

1.7 eqyﬂ valents (217.9 gfl@)%?)cpﬂgaﬁ W\gtﬂr)a%(f%]}gt@t %nw éhlg Pealfion prqlgﬁct of

10.

11.

uperso he catalyst e
2-propionic acid with 2-(2,4,6~ tr1bromophenoxy)ethyl ester.

A noncrosslinked compound, prepared by:

(A) reacting a polyol with a thioaliphatic carboxylic acid to
produce product A;

(B} reacting product A with a compound that contains one unsaturated
bond capable cf reacting with a thiol,'in such a fashion that
approximately 1 or 2 free thiol groups remain in the product;:
and then '

{C) reacting the product of step B with a diacrylate or
dimethacrylate in such a fashion that all of the remaining thiol

groups are reacted.

The compound of claim 9; wherein the diacrylate or dimethacrylate is
selected from the group consisting of epoxy di(meth)acrylate,
polyester di(meth)acrylate, urethane di(meth)acrylate, alkyleneoxide

bis-phenolic di(meth)acrylate, and epoxy bis-phenol di{meth)acrylate.

The compound of claim 9, wherein the compound that contains one
unsaturated bond capable of reacting with a thiol is selected from
the group consisting of 3-methyl-3-butene~l1-ol, methacrylic acid,
acrylic acid, alkyl acrylate, alkyl methacrylate, 2-

hydroxypropyl (meth}acrylate, 2-hydroxyethyl (meth)acrylate,
unsaturated cycloaliphatic epoxy compounds, allyl alcohol,

- CHy=CH3CgH/ C(CH3) pNCO, octyldecylacrylate, 2,4, 6-tribromophenyl

{methy)acrylate, the reaction product of 2-propionic acid with 2-
(2,4, 6-tribromophenoxy)ethyl ester, styrene, alkylstyrene,

halostyrene, dihalostyrene, and divinylstyrene or a mixture thereof.

This Sheet Has Been Replaced
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WD 96/ 26184
34 pr oduct exh| bi tlam!l !l“(ﬂ! #I ndex at 20 [err]C of 1.5015, an

Abke nunber of 5 [err]C 430 cP. resi dual
SH. = 1.27 (theoretlcal = 1.15). Exanpl e 23 - Eve d ass

For nul at i on 5 A pourabl e eyeglass formulation is
prépared using ty foll owi ng steps. Pa\x&,@,&o”

ol i goner simlar to that described in Exanple 13 (see bel o I's
prepared using 1 equival ent of Mondur M. (A B¥end of 55% 2, 4' and 45

% 4,4' isoners ofy,di Qﬂgﬁkﬁhﬁﬁcﬂﬁsg@fa ate ZRQ«;%“{%' IA%ggb 1Od %5 09%

Bayer) and 1 equivalent o xypropyl acry
by wei ght of catal ysPe‘("‘BB‘T[i_S)a“‘?\/E (0.21 % of total weight), [0.08 %in
HPA add. 0.13 %as post); TPS - 0.15 % of total vvei ght BHT -0.92 %

of t ot a! WE‘i ght: ¥V %9?%*%%5 d-zng(%i%_\ﬂ 8";%? Qlagrg 9%)[ tal z\!v%rgcn:zve 1n37x

Photoinitiator: Lucerl n t ot al The
material from step 1Pewesdobyd 3&h k), is mxed W|th 2% of the
product of Exanple 17 B); 66 15% Oorrpound B (see above for cherri cal
. Structure); and 0322 R t ured | ens made
fromthis fOI’ mul g:tgl Oﬁh%a os:. or%aéé i V%:.m 1 hereln the ra io eulp? ra ed mch?Qer

. Abbe nunber of 32; gFas‘%‘et‘F%ﬁSli'WoTﬁnHewﬁewatou%é d)'PO@S[@PP}GCPOIZDCO mojeg] of -
- excellent color. A EENn%ovt.Bh1 D ImdleBMacuBId ®bnd:hbrdsness .passed t he

Dress Lens inpact test. WD 96/ 26184

PCT/ BE96/ 00017 ' 35

CLAI M5 ' 13- A ROVSRRiFRRl ecePPRF Lo moued iskash af empend praspdinat o lain
opti cal grade 8. mat erial s conpri sing: (a) 60-75%

by wei ght of a di (neth)acryl ate;

10 16. A polymerizable composition comprising a non-crosslinked compcund

according to claim 9.

17. An optical article obtained from the polymeric casting composition of

claim 1.

18. A composition according to claim 15 or 16, further comprising a

15 polymer, monomer, or oligomer.

19. The composition of claim 18 wherein the said polymer, monomer, or
oligomer is selected from the group consisting of diethylenegiycol
bis(allyl carbonate), polyurethanes end capped with (meth)acry.ates,
polyalkene glycol diacrylate and dimethacrylate, epoxy acrylatss or

20 methacrylates, and bisphenol-A polycarbonates.

20. A polymeric composition comprising a compound of claim 8 that has at
least one free thiol group and an oligomer containing reactive double

bonds.

21. The composition of claim 20, wherein the composition comprises:
25 {a) 30 to B0 percent of cne or more multifunctional urethane or
epoxy (meth)acrylate ocligomers having a molecular weight between
200 and 10,000; and
(b} 20 to 70 percent of one or more reactive diluents, selectad from

the group consisting of styrene, p-methyl styrene, diviny!l




Bmﬁ nmonot hi ol ; and
(c) 15- 30% by We_L_gh.t_of ﬁl! wjﬂh Quad.with conj ugated—{ :
unsat ur ati on. tﬁm «'C _casting conposition IS SHRET HAS BEEN

wher ei n t he nonot hi ol is prepared by the steps of {_10 REPLACED
A) reacting (i) a polyol; wth ~—
(ii) a thi %fg‘i c carboxylic acid; and then PCT/BES6/B)017
reacting the product of step Awith a nononer selected from

the group consisting of styrene, alkyl st%?r ene, hal ostyrene, 15

di hal ostyrene, divinylstyregs,.or, ﬁssgu %ﬁ{}%{.@&f nalsugﬁylat e,

that all of the hydroxyl groups o are esterif
Wi th the thiocar boxyriei geratonghdeahasy #Fegu%ﬂ‘? WA ATEerY- hat

the product of step B contains a free -SH gr oup 3. The polyneric
COITpOSI tion 9; C aélompo]iind se% te% Erom ”D”QunrHs of tﬁe %gm la prepar ed by
A reacti ng ")p po sefécted fromthe group

consi sting of (R3-5-R1-C {0} -0~ ]pn_q-R-[-0-C(0}-R p%'rﬁzéneryt hritol, sorbitol,
manni tol, glycol, al kyl ene gl ycoI ,
polyalkglene glyqpl tri met hyl ol al kane,
di pentaérythri tof cycl ohexane- '

1,2, 4-trimethand® lstﬁ?hepemla?enﬂtfhil ipedyol;

_ hexahydr oxycycl aoilexans, apﬂmaedhyﬁla_wgypycl opent ane,

tri hydroxycycl o er| € benzenes; 1
t d b
t et ranet hanol pen aer&?’hr%ﬁ . lrg cof’ °um§] hm xtﬁragn‘é% one unsaturated bond

thereof, with  capable of reacnng Wlth ?{ |"-P}°1 a thiocarboxylic acid sel ected
fromt h.@ group Rr3 is the residue of a diacrylate oﬁﬂﬂﬁét&hbﬂgaeé alf bd O @byt @b C

acid, thiolactic i
mer capt oprop| oni cl%gm cer trth rgreré’apt opr opi oni ¢ aci d,

mer capt oaceti c deitdnh %P%d‘ﬁP’@ﬂFaP"eWér%?- #roggs in the polyol;
mer capt obut yri ¢ mei ﬁi,muaacberref Qepdobaxaamd ¢ aci d; and

3 6 n must b grear: agting the product of step A with a nonomer
sel ected from THe group consi sting of
3-met hyl - 3-butene-1-0ol, methacrylic acid, acrylic

aci d, abkyl acr ydnat &mpatikasl oﬂ&haaﬂb&wlat-e,_ 2-

[HS-R1-C{0)~0-]y_p-R~[-0-C(0) -R1-5-R2]
wherein:
m + n is the number of hydroxyls in the polyol;
R is the residue of a polyol;
20 R! is an aliphatic moiety:
R2 is the residue of an unsaturated moiety selected from the
group consisting of 3-methyl-3-butene-1l-ol, methacrylic acid,
acrylic acid, alkyl acrylate, alkyl methacrylate, 2-
hydroxypropyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate,
25 unsaturated cycloaliphatic epoxy compounds, allyl alcohol,
CH4o=CH5CgH4C (CH4]} oNCO, octyldecylacrylate, 2,4,6-tribromophenyl
{(methy)acrylate, and the reaction product of 2-propionic acid

with 2-~(2,4, 6-tribromophenoxy)ethyl ester.

23. A polymeric casting composition according to claim 1, wherein the

30 monothiol (b) is defined by the formula:

[Hs-R1-c{0)-0-1y_p-R-[-0-C (0) -R}-5-R?] |

wherein: —_—

| T




hydr oxypr opyl (et h) acryl ate, 2-hydrox crylate, 5
unsaturated cycl oal i phatic epoxy mﬂ (y‘mmnj‘imjmial cohol , -
- CHLerr]=CH-Cerr]Herr]C(CHerr]) - Idecyl acryl ate TﬁlsﬂrSHEETHA

tribronophenyl (methy)acrylate, and the reaction product of
2-propionic acid wth 2-(2,4,6-tribronmophenoxy)ethyl ester .

invsuch a nannerwblg%lwe product of step B contains a free 10 pcr/BE9snon1?
-SH group. _ . A polyneric conposition according to one of clains
1 to 3, wherein t he nmonot hi ol (b) 48xhibits a refractive index

S BEEN

of between 1.50 and R is th 1. 70, and an Abbe nunber of between 25 and
60. 5. A pol ynefi £° EBRFEET oot &c®¥8Fing to one of clains 1 to 4,
wherein 15 t he nofot M &% thp)nushér b thydacxydbaim the pblyol E syst em of
a greater t ham = G bs andidast esme;t han +2. 0. 6. A

- casting conposition according to f clains 1 to 5, that V\,hen-
cured exhibits a col or inﬂgh%s aﬁqg%sa?é%m&etg'g‘?@ater than -O5 and b
| ess than +1.%. 20 7R ispthggesifge cinpo Sinsdtymatsicurigtn g stecoa@ f@bm the

clains 1 to 6, whereint héroup consisting G Q@}ﬂh@?ﬂkﬁ%@yéeﬁe,sgla@&étggerienOm the

group consi sting of epoxy .. i (met h)acryl ate, pol yester

di (neth)acryl ate, uret hand halostyrene, gﬂ%{‘*&%’ffﬁ'ﬁ?f&t Ef’géif{ﬁ‘éﬁ%xi de

bi s-phenolic di (neth)acryl ate, and : epoxy bi s-pheno

di (nmet h)acryl at e. 25 8. A conpound prepared by: A)
reacting: (1) a polyol selected fromthe group
consi sting of pentaerythritol, sorbitol,

manni tol, glycol. al kyl ene gl ycol, polyal kyl ene
gl ycol, 30 ' trimet hyl ol al kane, di pentaerythritol,
cycl ohexane- 1,2, 4-trinethanol,

tei pentaerythritol, hexahydr oxycycl ohexane,

pent ahydr oxycycl opent ane,
tri hydroxycycl ohept ane, glycerine, benzene-|, 2,4, 5-

[

Sheet-Has Been Replaced.

A
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§1'7xtl:|re Hm"ﬂ"ﬂmnuﬂmﬁmaerythrl tol, glycol, or a

(ii) a thi pal\@hﬁlh 399§ar bokyl i ¢ &acid; tand 2 gagting
the produc{ ©f step A withl|a| mononmer selected from_s________—-—l—zg—s bstitute sheet - 10 the

group consisting of 3-methyl}3-butene-1-0P$ methacrylic

aci d, acry..J-(;—a,<->4—(al—a-l—-k—y-l——eceL | ate, al kyl nethacryl ate, 2-

hydr oxypr opyl (et h) aélyl é'f%ct’fghw 8§‘§ﬁ*'l°ﬁy?‘( AEER)A¥E S 3 Bonomer selected £rom
unsat urated cycl oal i phat itbe apoxy CaEPingSet dl-hythydkT-odubkpe-1-0l, methacrylic
CHerr] =CHCerr]Herr] [ er e C I 0
tri brom)phenyl (met hy) ac%g{ g %1)1% £§]§%§@I %#ﬂ?g% @&WJf %@nag‘ﬂ;a@e, 2
2-propionic acid with 2- @Ydmmr‘?%r(mHQMWFetWYd@sWEFhYl {meth)acrylnce, A

noncrosgl i nked conpound, RESR3EELH l3¥o::1!.<:>alz.pl'xat::.c epoxy( é%mpoﬁﬁ'@é;t a0,12 aPOdREA),

with a thioaliphatic car boxyﬂZH-c aci duce product A
15 (B) reacting“pe ﬁs“ﬁ‘ﬁh’n“ﬁccﬂ?ﬁ&ﬁﬁfﬂ?ﬁﬁﬂégﬁt g hsfone

unsat ur at ed tribrombpighyl aprizhe) afryl&nt hind) thet Feazeidi @hodidt of
such a fashion that p tely. l..0r 2 free thio r.oups
remain in the product; 2 Propienie acs ‘“J[’)'g:}g)r(\idﬂ?hg'n6y tribromophencxy) opy #’e%sctl ng
t he product of step B wi tth sucli agwephet chat 2@ product of step @ Aendados\d diree
in suchga fashion that alkygfrclfe remaining thiol. gr oups
are reacted. 10. The conpound of claim9, wherein the diacrylate
or dinethacrylate is selected fromthe group consisting of

epoxy di (net h) acAaypdlyeric composition RGENMRE NI tdlioh8Bith ) Blilmgl Atw, SWV&iehaﬂe

di (et h) acryl ate, aI lf’ﬂ]e xh()j,e ?%Sxfits a refract;v%?‘e%ﬁl C gl émat hl )é qte,

and epoxy bi s- phenol h) acr e corrpound o) PRi m
9, wherein the cbnffourddtadmafbksnalers obrietween 25 and 60.

5. A polymeric composition according to one of claims 1 to 4, wherein
15 the monothiol (b) exhibits a color in the CIE system of a greater
than -0.5 and b less than +2.0.

6. A casting composition according to one of claims 1 to S5, that when
cured exhibits a color in the CIE system of a greater than -0.5 and b
less than +1.5.

20 7. A casting composition according to one of claims 1 to 6, wherein the
di (meth)acrylate is selected from the group consisting of epoxy
di (meth)acrylate, polyaster di(meth)acrylate, urethane
di (meth)acrylate, alkyleneoxide bis-phenoclic di(meth)acrylate, and
epoxy bis-phenol d4i(meth)acrylate.

25 8. A compound prepared by:
'A) reacting:

(i) a polyol selected from the group consisting of
pentaerythritol, sorbitol, mannitol, glycel,
alkylene glycol, polyalkylene glycol,

30 . trimethylolalkane, dipentaerythritol, cyclohexane-
1,2,4~trimethanol, tripentaerythritol,
hexahydroxycyclohexaﬁe, pentahydroxycyclopentane,

trihydroxycycloheptane, glycerine, benzene-1,2,4,5-



unsat ur at ed boR/$ [ Torf tin selected from
t he group consj Eﬁmm? -3-%@ “ﬂ“ﬂm‘t‘mcryl I c acid,
acrylic acid, kyl acryl ate, Jalik cnylates 2* 30

hydr oxypropyl (jret hyag oylLaiges 2- Iwdr oxyet hyl (et h) acrgiséthute sheet - 10/7/98
unsaturated cyfl paliphatic epgxy] conpounds, allyl al cohofl,

CHerr]= CHCrrTRIerrTC(CHerr])[err] NG®, octyl decyl acryl ate,

2,4,6-tri bronophenyl (methy)acrylate, the reaction product of
2-propionic acid with 2- tetrameth2nolpéntadrytionizphe gbvebel vy a asitvetre
styrene, al kyl styrene, 35 I rene, di hal ostyrene, and
divi'nyl styrene or a m xture tth‘gf)?J}a i WO 96/ 26184

PCT/ BE96/ 00017 {ii) a thiocaliphatic carboxylic acid; gpd 12.

The .conpound of clai B}8 @eaddiagMtkh pkbdicthas s&apﬂdolsx&cmamehozﬁér selected from
bet ween_25 and 60. onpoun i.m 9, that

13. e 8 or a
has a r&fractive index C°he 9%°UP °°nsbif’ﬁﬁ§eﬂgf Ee‘é‘}ﬂ ?*te“e'%d Bfhacxylic
conposi tion of claim1l waeidi acthda acid elkwinsatviageecrliwhomhacrylate, 2-
to the nonothiol ranges f @fB l-o 1((394.&6%%1@%9 mg‘dr&%e%fénegfx)acryla

SH) to 2.5:1.0 (noles dou -moles -S pol ymerizabl'e
conmposi ti on conpri sing: a“&fﬁj@éﬁﬂ’ SYEWRIHLREATIC BpAUYnfompounds, allyl glcohol,
CH,=8HgCH,C (CH3) 5NCO, aoctyldecylacrylate, 2,4, 6-

10 tribromephenyl (methy)acrylate, and the reaction product of
2-prqgionic acid with 2-~(2,4,6-tribromophenoxy)ethyl ester.
9. A noncrosslinkég compound, prepared by:
(A) reacting a polyol with a'thioaliphatic carboxylic acid to
produce product A;
is5 {B) reacting product A with a compound that contains one unsaturated
bond capable of reacting with a thiol, in such a fashion that
approximately 1 or 2 free thiol groups remain in the product;
and then
{C) reacting thé product of step B with a diacrylate or
20 dimethacrylate in such a fashion that all of the remaining thiol

groups are reacted.

10. The compound of claim 9, wherein the diacrylate or dimethacrylate is
selected from the group consisting of epoxy di(meth)acrylate,
polyester di(meth)acrylate, urethane di(meth)acrylate, alkyleneoxide

25 bis-phenolic di(meth)acrylate, and epoxy bis-phenol d4i (meth)acrylate.

11. The compound of claim 9, wherein the compound that contains one
unsaturated bond capable of reacting with a thiol is selected from
the group consisting of 3-methyl-3-butene-l-ol, methacrylic acid,
acrylic acid, alkyl acrylate, alkyl methacrylate, 2-

30 hydroxypropyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate,
unsa&urated cycloaliphatic epoxy compounds, allyl alcohol,
CHZJEH396H4C(CH3)2NCO octyldecylacrylate, 2,4,6- trzbromophenyl
{methy)acrylate, the reaction product of 2-propionic acid with 2-
(2,4,6-cribromophenoxy)ethyi ester, styrene, alkylstyrene,

. 3% halostyrene, dihalostyrene, and divinylstyrene or a mixture thereof.



10 . 16. A p $|t non- cr ossl i nked
conpound MPEAEEI??@?W ﬂmlmm""mmru m 17. An optical article
claim 1.

obtained from}hg polyneric capst ¢onmposkt1on so

18. A conposit|op adcéoili 1998t of df aim 15 or 16, furt hglhpSauRs ishbBe- 3 0k2/98
pol ymer, nonongerl_or_oligoner. 19. The conp 05| on of clarm
wherein the sald pol yner, nonongr, or 39 ollgoner Is selected from
t he group constst ; negl ycol ‘bi s(allyl carbonate),

pol yur et hanes- end cappggdensd,! Bk 0ab d@Rk}E atnﬁ§tz.functional acRAla¥al kene glycol
dlacrylate and dlnethac Iate epoxy acryl ates or nethacrylates
and "bi sphenol - A pol y&%t Eional “‘eth“%te?\ ¥ Vﬁ’@f‘l ERYFosi ti on
conprising a conpound of claim8 that has at | east one free

t hi ol group gpd agn [1G20¢ Q0N active bLe .bonds.
39 i cﬁoqg?e ele§8 da‘ Q:omg nhds of CL%%

21. The conp05|t|on &r i Nt he -co 05|%|0n conprlses 25
(a) 30 to 80 perlééni*l’&f'c(ﬁ?e'ooim-rmﬁel'rﬁ:rFtﬂP’hBr]icF‘r al urethane or

epoxy (meth)acrylate oligonmers having a nol ecul ar wei ght between

200 and 10, 000; and (b) 20 to 70 percent of one or nore
reactivé dil uent ¥PeE¥®ct ed from t he group consisting of
styrene, p-net hle $4 yuheneesidiuei of/la polyol;

39 _ an% atgégkggg,styrene mul ti functional acryl ates,
mul ti functional acry ates and vinyl ethers.
R zs the residue of a compound that contained one unsaturated bond

capable of reacting with a thiol:;

10 R3 is the residue of a diacrylate or dimethacrylate after reactiop
with a free thiol group; -
m --a = the number of hydroxyl groups in the polyol;
m - n must be at least one; and

n must be greater than zero,
1s and compounds of the formula:

{HS-R1-C (0)-0-1p.p~R~{-0~C(0) -R}~5-R2]
wherein:
m -+ is the number of hydroxyls in the polyol;
R is the residue of a polyol;
20 R! is an aliphatic moiety:
R2 is the residue of an unsaturated moiety selected from the
group consisting of 3-methyl-3-butene-1-o0l, methacrylic acid,
acrylic acid, alkyl acrylate, alkyl methacrylate, 2-
hydroxypropyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate,
25 unsaEﬁfated cycloaliphatic epoxy compounds, allyl alcohol,
CHo=€H3CgH,C(CHq9) JNCO, octyldecylacrylate, 2,4, 6-tribromophenyl
(methy)acrylate, and the reaction product of 2-propionic acid

with 2-(2,4,6-tribromophenoxy)ethyl ester.

23. A polymeric casting composition according to claim 1, wherein the

30 monothiol (b) is defined by the formula:

(#S-R1-C (0) ~0-1p_n-R- [-0-C(0) ~R}-5-R?]

wherein:
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22. . A conpound |s ‘Eigecf U”gaummmﬁ“lﬂ“m.uzml”] 5

err]-S-Rerr]-4¢ QO -
\[/\kl?[erelln A g )'I:\ﬂ’é{- ?ﬂér sifdue of* a ‘pot yo Rlerr] is an

al i phati c noi ety fledir] is the resi dues@@;stﬁugggn@yﬂm
Japable of reacting with a

cont ai ned one urjsat ur at ed bond

thiol; 10 esi due of a diacr yl ate or dinethacryl ate
after reaction R is thdl g.gg,_@ugr&eatg;glq,lolgroup m- n = the
nunber of hydr oxyl groups ¥ n nust be at | east
one; and "sbﬁhegr“gﬂ‘?’é’r of hyiroErls in TS polyoli g

corpounds of theforrmian-staa—}easeone[HS-R[err] C(O O][err]-R[-OC
(O -Rerr]-S-Rerr] m -n is the

nunber of hydroxyls i n2 hs * ?n(ﬂhm@"c Holecy; and Ris the residue of a
polyol ; 20 1R[=él=r§esi1§u%1rvfam pirgererated aiojety selected from the

Rlerr] is the residue gQEu@%oHQ%:.HéanegtﬂHn@t yals@kﬁﬁxreﬂefrhgmida&ene,
group conS|st|ng of 3-

, methacrylic ac
acrylic acid, alkyl gﬁns?g%éyr%ﬂeky&ﬂﬁé‘?h%%’rrﬁﬁt? Zk/‘xmre thekeot.
hydr oxypr opyI (meth)acrylate, 2-hydroxyethyl (neth)acrylate, 25
unsaturated cycl oali phati c epoxy conpounds, allyl alcohol,

CH CHerr] =CHderr]Herr]C(CH err])[err] NCO

octyl decyl acryl ate, 2,4,6-tribronophenyl (et hy) acryl at e,
and the reaction product of 2-propionic acid W th
2-(2,4,6-tri bronmophenoxy)ethyl ester. 23. A polyneric casting
conposition according to claim1, wherein the 30 ° nmonot hiol (b) is

defined by the fornul a:
[Hs-R[err]-C(O)-O][err]-R—[-OC(C))-R[err]-S—R[err] wher ei n:



RINP's copy
40 R is the residue of a pol on m n is the nunber of hydroxyls in the

polyok: m- n is at least one: R[err] is.an.aliphatic noiety: and R2 is the

resi‘due of an unsaturated noi ety selected fromthe group consisting of
styrene, alkylstyrene, halostyrene, dihalostyrene, divinyl sty
m x:-ure t her eof .
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